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™ ee HEAT TREATMENT PLANT 
At British Timken, rollers have their own line 
an EFCO continuous production line where having Like Tir ken 
been previously carburised they are automat iCall) caaaialion the right lines 


hardened and tempered to the precise specifica ro 


necessary for them to perform their arduous 
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duties for British Railways. the best of the world’s furnace designs 
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PROOF-POSITIVE 
AND PRACTICAL 


We have longer and more varied 
experience inthe industrial uses 
of hydraulic power than any 
other company. Our technical 
representatives will be glad to 
apply our accumulated experi- 
(Talot-mm Comm 2010] am oy-1adcole] -lam ola) el (-1an) 
on request. 


ANDREW FRASER & CO LTD 29 BUCKINGHAM GATE LONDON SW1 Telephone: ViCtoria 6736-9 
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It’s time to explore 


the possibilities of CONSTANT 
Progress to date proves that there are FO RCE 


immense possibilities in industry for Tensator 


rn SPRINGS 


Many existing products are wide open to 
improvement by the application of one or 
other of the basic Tensator forms. Entirely 
new applications can be designed to utilise 
the valuable Tensator characteristics. Please give the following details: 


1: Load 
TE NSATO R 2: Extension 
EXTENSION SPRINGS 3: Total number of operations per day 
can be supplied for loads of 5 grammes to 82 4: Expected life years 
Ib., and for extension 0-40 feet. 5: Carbon or stainless steel 


IF YOU HAVE A POSSIBLE APPLICA- 
TION IN MIND fill in and post the coupon 
to-day. 
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| Space available 








_ EXTENSION > 


To TENSATOR LTD., Acton Lane, London, N.W.10 
Please send design and quotation to: 


Name of firm 


Address 





For attention of 








EXTENSION SPRING 
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Quote for quantities 
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for your shop? 





Here are some things 
he should know.... 


No tool bits can be better than the steel they’re 
made from 


‘Eclipse’ tool bits are made from H3 cobalt high speed stcel, 
melted, heat treated and finished under one control to strict 
and rigid standards of quality. That’s why the consistent 


performance of ‘ Eclipse’ too! bits can be guaranteed. 


Cheap tool bits can mean dearer production costs 
When you buy tool bits you buy cutting capacity and it pays 
to buy the best. ‘Eclipse’ tool bits keep keen cutting longer 


than inferior tools —{reducing time out for regrinds and 





increasing production, 





Tool bit holders can help with production too 
‘Eclipse’ tool bit holders have been specially developed to get 
the very best from ‘Eclipse’ tool bits. They have a patent 
clamp, adjustable to variation of tool bit size which hold& the 


tool absolutely rigid eliminating any tendency to “‘chatter."} 


‘Eclipse’ tool bits and tool bit holders are the ideal cutting combination 
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Made by James Neill & Co (Sheffield) Ltd. and otgMnable from all tool distributors 
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By J. W. Hendry, F.R.Econ.S., etc. 

Fifth Edition. 

This book makes a valuable contribution to the problem of how 
to raise the standard of efficiency in industry in two directions: 
first, by giving an incentive to workers to do their best; and, 
second, by avoidance of all preventable waste. The book should 
find a place on the shelves of all industrial managers. Price 21/- net. 


FLUID PRESSURE MECHANISMS 
By H. G. Conway, M.A., M.1.Mech.E., etc. 
Second Edition. 


This book deals with hydraulic and pneumatic machinery. It is not 
concerned with detailed design or constructional features, but 
with the essential principle of the various devices, how they work, 
and how they differ from each other. The various devices have 
been classified, and nomenclature standardized. An extremely 
useful work for all engineers. Price 32/6 net. 


DIESEL PLANT OPERATORS’ 
By A. K. L. McCrone, G.I.Mech.E. 


The aim of this handbook is to give the operator in a concise and 
simple form the essential facts about the equipment with which 
he is daily concerned. Both theory and practice have been blended 
as far as possible, so as to interest those who are concerned with 
the design and layout of generating and distribution systems, as 
well as those who are primarily concerned with the straightforward 
maintenance and operation of the engine and generator. Price 
20/- net. 


HANDBOOK 








By A. Bannister, M.C., B.Sc.Hons., etc., and E. S. Raymond, 
B.Sc.(Tech.) (Hons.), etc. 


A concise textbook on the elements of surveying. It is intended for 
degree students and those studying for the Institution of Civil 
Engineers, Part ll, Testamur; Higher National Certificates in Civil 
and Structural Engineering and Building; and in due course the 
Diploma of Technology. Price 45/—- net. 


ROLLING BEARINGS 
By R. K. Allan, A.M.1.Mech.E., M.1.P.E. 
Second Edition. 


Includes a full account of the historical side, develops the Hertzian 
theory as specifically applied to bearings, and deals fully with the 
work of Stribeck, Goodman and Palmgren. Formulae are arranged 
in a suitable and convenient way for practical use. The book also 
covers relative movement, resolution of forces, typical design and 
details, and matters relating to use, maintenance and repair. A 
valuable work for designers, draughtsmen, plant and maintenance 
engineers and students. Price 47/6 net. 


WINNING COAL 
By John Sinclair, M.Eng., Ph.D., etc. 


Winning Coal deals thoroughly with all methods of coal production 
at the face—it covers opencast production, deals concisely with 
the older hand-worked methods of mining, and dwells at some 
length on the different methods of mechanized mining. A section 
of the book deals with the use of explosives and their substitutes 
for winning coal. The book has been designed to meet the needs 
of National and Higher National Certificate and Diploma students, 
those taking degrees in Mining at the Universities and candidates 
for the Associate-Membership examination of the Institution of 
Mining Engineers. Price 60/— net. 


From all booksellers 


Pl ! I IAN PARKER ST., KINGSWAY, LONDON, W.C.2 eens 
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A new package-type sleeve bearing with 
hydrodynamic lubrication, described in Machine 
Design for May 26, 1960, is stated to have an 
estimated life exceeding 20,000 hr, as the result 
of a hydrodynamic oil film maintained by a 
sealed-in, recirculating supply of lubricant. The 
bearing, which has been developed by the Tann 
Bearing Co., is built around a windowed, babbitt- 
lined bushing and a reservoir of sufficient self- 
wicking lubricant to last for the life of the 
bearing. Oil, released to the shaft through the 
window, sets up the hydrodynamic film, and is 
then recirculated by slingers to the reservoir, so 
that, in effect, the lubricant-release and re- 
absorption cycle constitutes an internally regu- 
lated, self-metering system, while the fibres in the 
self-wicking lubricant filter out any impurities in 
the oil. It is stated that the bearing operates 
virtually free from vibration, and is especially 
suitable for any service where quiet running is 
essential. 


* * * 


An article in Liteinoye Proizvodstvo for June, 
1960, contains details of recent experimental 
investigations carried out in Russia into the 
deoxidation and alloying of low-alloy and carbon 
steels in the ladle. In this process, the steel is 
melted in an open-hearth furnace without any 
additions and is then poured into ladles of from 
10 to 15 tons capacity, the alloys and deoxidants, 
such as ferro-silicate, ferro-manganese, ferro- 
chromium, ferro-vanadium, and aluminium, 
being introduced directly into the ladle after it 
has been filled to one-third of its volume. It is 
stated that, by means of this process, low-alloy 
and carbon steels of highly uniform composition 
have been produced and that, in addition, a 
substantial economy in alloying materials, as 
well as an increase in furnace output of from 
3 to 8°, has been achieved. 


* * % 


Developed in the U.S.A. by the General 
Electric Company for supplying power for 
portable military field radar sets, a portable 
fuel-cell power pack, currently undergoing evalua- 
tion testing, weighs only 30 lb and will be capable 
of producing 200 W of 24-V direct current for 
14 hr—an output that would otherwise require a 
55-lb generator set or 80 lb of secondary 
batteries. The power pack consists of a series 
of 30 ion-membrane fuel cells, each cell com- 
prising an assembly approximately 4 in. thick 
and 1] in. square, consuming oxygen from the 
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Let the above tell you 
about the Arthur Balfour wide | 
range of products! 
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To the eye of the artist a 4 

great industrial plant has a 4 

strange beauty when seen by j 

night. 


The engineer sees the artist's 
4 point of view but as a technical 

expert he focuses on _ the 

function of the plant. 


The function of Arthur Balfour 
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other things, High Speed Steels 
and Engineers Tools. 


We manufacture and process 
control, from the Melt to the 
Finished Product 
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STEEL & TOOLS FOR THE WORLD 
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SHEFFIELD, ENGLAND ARTHUR BALFOUR 





The 


MINIPNEESaK 


air and hydrogen produced by the decomposi- 
tion of a metal hydride. The hydride is con- 
tained in reusable, hermetically sealed 6-lb 
canisters, which are “plugged” into the pack. 
The whole unit is rugged and dependable, and is 
designed to operate at full load under all 
weather conditions for a minimum of 2000 hr 
without maintenance and to be refuelled with no 
interruption in operation. 


* * * 


Details are given in the Russian journal 
Mashinostroitel of June, 1960, of a friction- 
forming process for shaping tube ends. [n this 
process, the tubes are gripped in the chuck of a 
centre-lathe and are rotated at a speed of 800 
rpm, the friction of a small carbon-steel rod, 
clamped in the toolholder of the lathe, pressed 
against the tube end, and fed longitudinally 
along it, being used to heat the tube to a 
temperature of from 700° to 800°C. After 
the tube has attained the desired temperature 
(in from 10 to 30 sec), the actual forming 
operation is carried out on the lathe by pressing 
the hot material into the required shape, either 
from the inside or the outside of the tube. 


* * * 


Stated to provide an increase in amplification 
of 300°, as compared with tubes at present 
available, an X-ray image-intensifier tube pro- 
duced by Machlett Laboratories, of Springdale, 
Conn., is claimed to increase the brightness of a 
fluorescent screen by a factor of about 3000. 
The input screen of the tube is 9 in. in diameter, 
the bright output picture being delivered on a 
l-in. screen and capable of being viewed directly 
or recorded photographically. 


* * * 


According to a report in Giesserei (No. 4, 
1960), a special ultrasonic technique for testing 
the quality of iron castings is being employed at 
the works of Daimler-Benz in Mannheim. In 
this method, use is made of the fact that the 
damping coefficient of ultrasonic waves can be 
utilized as a measure of the mechanical pro- 
perties of castings, particularly their rupture 
strength. It is essential that, to obtain reliable 
results, interference should be reduced to a 
minimum, this interference being caused by 
apparent absorption, as distinct from true 
absorption of ultrasonic energy, and dependent 
on the ultrasonic frequency used, which is, in 
turn, dependent on the material under investiga- 
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LONDON: Suite 418, Cayzer House, 2/4 St. Mary! 
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The most successful answer to the tool supply problem is to order all tool requirements from one 
source—provided that source is 100°, efficient and comprehensive. Hallmac’s immense stock of 
Engineer’s Small Tools, Hand and Power Tools, and Macrome treated tools is supported by a 
distribution and service network that covers the whole country. This means immediate service on 
standard requirements; even on “specials” an a/most immediate response. This is the Hallmac of 

“i Success, enabling you to iron out all your buying difficulties with one simple, sensible decision: Tools 
from Hallmac. To give you an idea of the range we cover, may we send you a copy of the latest 48 
page Hallmac Stock List, now recognized as the foremost of its kind? 


tad Office & Depot: P.O. Box No. 39, Macrome Road, Wolverhampton. Telephone 52001 (9 lines) 
Mary / MANCHESTER: 1 Lloyd Road, Manchester 19 GLASGOW: Central Chambers, 11 Bothwell Street, C.2 
Telephone: Heaton Moor 3255 Telephone: CENtral 5066 


THAND TOOL DIVISION OF THE BREN MANUFACTURING COMPANY 
JW. Ad 4747 
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tion and its geometrical configuration. For this 
reason, special ultrasonic equipment, capable 
of transmitting a range of frequencies, has had 
to be developed. For instance, in the particular 
application reported, i.e., cast-iron brake drums 
containing about 3-2% C, 2% Si, and 0-45°%, P, 
the equipment was designed to transmit fre- 
quencies between 1-6 and 4:0 Mcs, optimum 
results being achieved with a frequency of 
3-2 Mcs. 


* * * 


In oil-well drilling, a fluid containing barite 
is used to increase drilling-fluid density for the 
hydrostatic control of gas-saturated formations, 
but it is important that the density should be 
known with a considerable degree of accuracy. 
Barite content is therefore an important well-site 
measurement, usually calculated from measure- 
ments of the weight and volume of wet and dry 
materials. It is now reported, however, in 
Nucleonics for June 1960 that a method of deter- 
mining barite content by gamma absorption has 
been developed. The method, which is stated 
to have a potential practical value in the field, 
measures barite content by absorption of weak 
gamma photons from thulium 170, but it is 
stated that, if americium 241 becomes available 
as a long-life, low-energy gamma source, the 
method will be even more practical. 


* * * 


Research at the Bell Telephone Laboratories, 
New York, indicates that major reductions in 
the switching times and collector resistances of 
diffused-base transistors can be achieved with 
epitaxially grown films, in which the film is a 
direct extension of the single-crystal structure 
of the substrate wafer, lightly doped epitaxial 
films being grown on and supported by a low- 
resistivity substrate, giving the desired combina- 
tion of electrical properties and mechanical 
strength. This technique overcomes the great 
difficulties of preparing by conventional methods 
the extremely thin semiconductor wafers ideally 
required by diffused-base transistors. The 
application of this technique has already resulted 
in a reduction in the switching time of silicon 
devices by a factor of more than 10, i.e., from 
200 down to 20 millimicroseconds in a typical 
circuit, with a comparable reduction in collector 
resistance. Furthermore, experiments with ger- 
manium indicate that the use of epitaxial layers 
will extend the frequency response of germanium 
transistors well beyond 2 kilomegacycles. 





FACTS AND FRICTION 


Look at the construction of a FLEX- 
HOISTA—6 strands each of 19 wires 
with an independent wire rope core, all 
perfectly assembled yet all working 
independently to give flexibility. 


They are continually subjected to both 
external and internal stresses and strains 
and to surface abrasion and pressure; 
these changes are taking place very 
rapidly when the rope is running. That 
is why it is so important to get the right 
rope for the job. 


FLEXHOISTA is made by a Company 
with close on a century of experience 
and service in ropes.* 












* For scheduled replacement, emergency 
or just honest advice about wire ropes— 
call in Whitecross any time. 


FIT THE ROPE FIT FOR THE JOB - FIT 


THE WHITECROSS COMPANY LIMITED 


WIRE ROPES 


WARRINGTON, ENGLAND. EST. 1864 
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NICKEL ALLOY STEELS 


















Over a half-million miles and nineteen years of service 
have not impaired the efficiency of the David Brown 
gearbox fitted to this E.R.F. lorry operated by Samuel 
Drake and Sons, Ltd., Honley, Huddersfield. During a 
recent major overhaul after 582,000 miles of running, the 
gearbox was found to be in excellent condition and was 
replaced for further service, with a rebuilt engine. 
Throughout their range of gearboxes, the David Brown 
Automobile Gearbox Division, Huddersfield, employ 
nickel alloy case-hardening steels, types En 34, En 36 and 
En 39. These steels are used to ensure reliability of the 
gears and shafts under the heavy and sustained stresses 
encountered in their operation. 


Please send for our publications entitled, ‘The Mechanical Properties of 
Nickel Alloy Steels’ and ‘The Case Hardening of Nickel Alloy Steels’ 


MOND NICKEL 


®. 


AUGUST, 


E.D.—2 


THE MOND NICKEL COMPANY LIMITED 
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for long trouble-free mileage 
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3 per cent nickel-chromium-molybdenum case-hardening steel 











SIZE HEAT TREATMENT | MAXIMUM | ELONGATION 1200 
STRESS t.s.i. per cent ft. Ib. 
14” dia. Oil quenched 780 C 72.0 19 69 
25” dia. Oil quenched 860 C 62:7 19 67 
Oil quenched 780 C. 
3” dia. Oil quenched 860 C. 597 22 72 
Oil quenched 780 C. 




















Additional benefits to be gained from the case-hardening nickel steels such 
as En 33, En 34, En 36 and En 39 include ease of heat-treatment, mini- 
misation of processing distortion and general reliability. 
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The German machine-tool manufacturers, Pittler, 
of Langen, announce that they have appointed as their 
sole agents in the U.K. the B.P.S. Machinery & Spares 
Co. Ltd., of 245 Knightsbridge, London, S.W.7. (Tel.: 
KENsington 9602/5 and 9887). 


* * ae 


Griffin & George, Ltd., of Alperton, Wembley, 
Middlesex, have purchased the entire share capital of 
R. & J. Beck Ltd., the well-known firm of optical-instru- 
ment manufacturers. The name of the business will 
remain unchanged, and the present board of directors, 
consisting of Messrs. C. J. Beck, S. Borthwick, G. E. 
Fowler, and H. W. Morgan, willremain in office and will 
in due course be joined by Messrs. M. Lyth, H. C. Mayer, 
R. C. Palmer, and F. A. Renn as additional directors 
representing Griffin & George Ltd. 


* * * 


It is announced by Allspeeds Ltd., manufacturers of 
the Kopp variable-speed gear, that they have moved their 
head office and works to Royal Works, Atlas Street, 
Clayton-le-Moors, near Accrington. The new works, 
which has a floor area of over 120,000 sq ft, now incor- 
porates all modern services; in particular, the machine 
shop has been laid out and equipped to enable the latest 
flow-line methods of production to be used. 


* * * 


The Swedish company, Hjo Mekaniska Verkstad, 
have commissioned Weldcraft Ltd., a member of the 
G. D. Peters Group, to supply acetylene producers for a 
new factory which is being erected at Hull for the manu- 
facture of welded steel-plate radiators for central-heating 
installations. A new company, Hull Steel Radiators 
Ltd., has been formed by the Swedish parent company 
to operate the factory, and it is expected that production 
will be initiated in October, 19€0. 


* * * 


In view of the fact that, with the post-war generation, 
the name ‘‘Castrol” is of greater significance, it is 
announced by The Wakefield Castrol Group that C. C. 
Wakefield & Co. Ltd., will in future be known as Castrol 
Limited, subject to the formal approval of the Board of 
Trade. 


* * * 


Stream-Line Filters Ltd., of Henley Park, Normandy, 
near Guildford, announce that, to avoid any further 
confusion, they wish to remind their customers that their 
correct telephone number is Normandy (Surrey) 3311, 
2, and 3, and that this number is not obtained by dialling 
NOR 3311. 


* * * 


To facilitate further expansion of the Group’s 
activities and interests, the David Brown Corporation 
Ltd., has decided to separate the tractor, agricultural- 
machinery, and automobile sides of its business from its 
gear, foundry, and tool operations. For this purpose, 
a new company, David Brown Tractors Ltd., takes over 
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HYDRAULIC CIRCUITS 


can be bought 
in a package! 


THE ARMSTRONG 
HYDRAULIC ACTUATOR 


enables you to install first-class hydraulic 
circuits in the easiest and most economical 





way in the world. 


You can select a combination of the 
various types of Armstrong Actuator units 
to suit your individual requirements. 
Efficient assembly requires only elemen- 
tary engineering knowledge; simple in- 
structions are provided and stock em- 
bodiment items supplied. 

An Armstrong Actuator does away with 
the need for heavy or complicated link- 
ages and gives none of the troubles that 
tend to crop up with links, levers or 
cams. Once installed and charged it 
will function for as long as the machine 
or structure in which it is embodied 
smoothly and efficiently. This bold new 
conception of hydraulic control — has 
behind it the vast experience gained by 
the Armstrong Patents Company 
Limited of Beverley. They alone, 
because of their unique position mn the 
field of hydraulic engineering are able 
to offer Actuators of this quality at the 
price. 

Armstrong “ Off-the-Shelf’? Actuators 
and Pump units—manually or power 
operated—put so many possibilities “with- 
in your reach” that early investigation 


is advised. Ask for leaflet APL 51/18. 


ARMSTRONG PATENTS CO. LTD 


EASTGATE, BEVERLEY, YORKS 
Tel. Beverley 82212 





MAKERS OF THE WORLD 


FAMOUS ARMSTRONG 


A-1 eG i TRADE MARK 


HYDRAULIC SHOCK ABSORBERS 
THE ENGINEERS’ DIGEST 

















50 B.H.P. FROUDE DYNAMOMETER 
FOR MOTOR CYCLE ENGINES ETC 


FROUDE 
HYDRAULIC DYNAMOMETER 


known and used throughout the world wherever 
the testing of any class of Engine is required 
Types available for the largest Marine Engine 


down to Motor Cycle Engine 


NU 


HEENAN & FROUDE LTD. 


ENGINEERS 
WORCESTER , ENGLAND 





60,000 B.H.P. FROUDE DYNAMOMETER 
FOR MARINE TURBINES ETC. 
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the undertaking and net assets of the Tractor Division 
of David Brown Industries Ltd., and becomes the parent 
company of the Tractor Group. In addition, Aston 
Martin Lagonda Ltd. takes over the undertaking and net 
assets of the Automobile Division of David Brown 
Industries Ltd., and becomes the parent company of 
the Automobile Group. The principal operating 
company of the Gear, Foundry, and Tool Divisions is 
David Brown Industries Ltd. The sale of the Group’s 
products will continue to be made through the David 
Brown Corporation (Sales) Limited, and, in the case of 
automobiles and spare parts, by Aston Martin Lagonda 
Limited. 
* * * 


S. Smithand Sons (England) Ltd., announce the forma- 
mation of a new division to integrate their business in 
industrial products, which have hitherto been made or 
marketed by three of their subsidiaries, i.e., Smiths 
Industrial Instruments Ltd., Kelvin & Hughes (Industrial) 
Ltd., and David Harcourt Ltd. The new division is 
designated Smiths Industrial Division, with its head 
office at Chronos Works, North Circular Road, London, 
N.W.2. The general manager of the new division will 
be Mr. W. M. Cann, who has been general manager of 
Smiths Industrial Instruments Ltd. since 1955, 


* * * 


It is announced by Head Wrightson & Co. Ltd., of 
London, S.W.1, that, following an arrangement with the 
R-N Corporation, of New York, they are now able to 
engineer and supply throughout the world complete 
plant using the R-N process, developed by the Republic 
Steel Corporation and the National Lead Co., for the 
direct reduction of iron ore and the production of 
briquettes with a very high iron content. 

of * * 


As announced jointly by The Delta Metal Co. Ltd., 
and Foster Brothers Ltd., ‘“‘Deltathene”’ and “‘Deltaplast” 
polythene pipes are now being produced and marketed 
by a new company, Foster Brothers Plastics Ltd., of Lea 
Brook Tube Works, Wednesbury, Staffs, which will 
embrace all the activities of the plastic divisions of these 
two companies. 


* * 7 


W. H. Allen Sons & Company Ltd., have purchased 
the Pyghtle Works of John P. White & Sons, which 
adjoins the company’s main Queens Works at Bedford. 
The property covers 34 acres and enables Allens to move 
the manufacture of electrical control gear from their 
Biddenham Works, also at Bedford, thereby concentrat- 
ing all manufacture on the one enlarged works area and 
making the Biddenham Works available for use as the 
company’s general research centre. 


* * * 


It is announced by the Limit Engineering Group Ltd., 
that they have been appointed sole U.K. agents for the 
inherent self-regulating alternators manufactured by 
A. Van Kaick, of Frankfurt. 
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a process you must investigate! 


A & A HARD ANODISING produces a wear 
resistance coating on aluminium and alloys, com- 
parable to the surface of hard tool steel. Compara- 
tive tests with cyanide-case hardened steel proves 
that HARD ANODISING has approximately 
TWICE the wear resistance. 

This A & A process is also a heat insulator and will 
absorb and retain oil when used on cylinders and 
pistons. 


Hard Anodising is used for Bearings: Brake and Clutch 
Discs: Cams: Computer Gears: Fans: Timing Gears: 
Nozzles: Pistons: Pump Housings—Fuel/Oil: Spray Guns: 
Surgical Splint Valves: Ticket Machine Gears: Hydraulic 
Jack—Screw Threads, etc., etc. 


Where hardness and lightness are vital A & A 
HARD ANODISED aluminium provides the 


answer. For details and production data for your 
own work, consult . . . 








ALUMILITE & 
ALZAK LTD. 


PRIORY WORKS, DEPT. N, STATION RD., LONDON, S.W.19 
Telephone: LiBerty 7641 


MIDLANDS: 20/21 MERIDEN STREET, BIRMINGHAM, 5 
Telephone: MIDLAND 7426 
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A revolutionary development 


i in CO2 Shielded Arc Welding! 






eel saa? 


THE 


LINCOLN-(CLOS 
































p! 
- TYPE GA3 
m- ae 
ra- 
yes SEMI-AUTOMATIC 
ly 
ill HAND WELDING UNIT 4 
nd Gg 
tch WITH FULL SPOT & TACK 
rs: 
ns: 
lic WELDING FACILITIES Occupying less than 6 sq. ft. of floor space, this 
compact unit offers these great features : 
A * Completely self-contained. The Lincoln-Cloos C.A.3 Weld- 
he ing Unit incorporates its own re-circulating water cooling 
ur system and gas bottle support. 
ran! * Highly efficient modern design Hand Gun—can be used for 
a Ti ae ae | Se eS. ee both semi-automatic seam and spot welding. 
Weting Mente (c¢ | Uak oe Som, Pag %* The special type C.P.L. timing unit and nozzles for Spot, 
nozzle shown fitted to and Tack Welding. ‘ s : 
piantned #itand Gian), Plug and Tack Welding (illustrated) can be easily fitted in a 
matter of miautes. 
* Infinitely variable wire drive unit. 
* Wire feed rolls adjustable to suit wires of varying diameters. 
All these extra features plus the other advantages of CO2 Shield- 
ed-Arc Welding—rapid metal deposition, practically no forma- 
tion of slag, excellent results in positional welding—are available 
to you when you buy the LINCOLN-CLOOS type C.A.3 
Shielded-Arc CO2 Semi-Automatic Welding Unit—the machine 
with the added PLUS of FULL SPOT AND TACK WELD- 
ING FACILITIES. Write today for further details to: 
19 THE AUTOMATIC DIVISION 
EMBER OF 7; 
LINCOLN ELECTRIC GO LTD soc 
WELWYN GARDEN CITY: HERTFORDSHIRE | ET UN IN, 
Telephone : Welwyn Garden 920 (5 lines) 4581 (5 lines) \eorar een’ 
fa 
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CONTRACTS 


QUAUOLUCUQUCUOEOUOESNDEDOODAOOOEO DAO OUUODADOCDOEDOCUOCOOCOOCORCOO CODCOD EON 


An order for £500,000 worth of telephone equipment 
has been received by A.E.I. Telecommunications Division 
from the Australian Post Office, involving the supply of 
trunk telephone switching equipment and voice-frequency 
signalling equipment for the already highly developed 
Australian automatic trunk switching system in New 
South Wales, Victoria, Queensland, South and Western 
Australia, and Tasmania. Delivery of the apparatus, 
which will incorporate nearly 10,000 relay sets of various 
types and about 3,000 motor uniselector switches, will 
commence early in 1961. 


* * * 


A contract worth £56,000 has been awarded by 
Brodoimpeks, of Belgrade, on behalf of two Yugoslavian 
shipyards, to Cochran & Co., Annan, Limited, of 
Dunfriesshire. This contract is for 12 marine auxiliary 
boilers for installation in ships to be built for foreign 
Owners, the actual equipment comprising six oil-fired 
boilers, each of 8 ft diameter by 16 ft 9 in. length, and six 
exhaust-gas-fired boilers, each of 8 ft diameter by 12 ft 
length. Delivery will commence towards the end of 1960. 


* * * 


Danly Machine Specialties, Inc., of Chicago and 
London, have received through their U.K. agents, 
Gaston E. Marbaix, a further order from the Ford 
Motor Company for 27 presses valued at about £1 ,500,000. 
These presses will again be constructed by their sub- 
contractors, Harland & Wolff Ltd., at their Scotstoun 
Works to the designs of the Chicago head office. 


* * * 


An order worth about £500,000 for transformers and 
rectifiers for the Hindustan Aluminium Corporation has 
been awarded to The English Electric Co. Ltd. This 
equipment, to be shipped in early 1961, will supply 
direct current for aluminium smelting in a new plant in 
Uttar Pradesh State near the Rihand power station, and 
will be made at the Stafford Works of the company. The 
main transformers consist of two 60-MVA, 132/11-kV 
units and two 56-MVA, I1I-kV regulating units, while 
the six rectifier units each comprise a transformer and a 
group of air-cooled, sealed, steel-tank, mercury-arc 
rectifiers, each group of rectifiers being rated at 10,000 A, 
750 V d.c., with a total load capacity of 45 MW. 


* * * 


An order worth about £700,000 for electrical equip- 
ment for a new rod mill has been obtained by the Heavy 
Plant Division of Associated Electrical Industries Ltd., 
from the Broken Hill Proprietary Co. Ltd., Australia. 
The mill will be driven by d.c. motors, ranging in output 
trom 600 to 2500 hp, and the total power available will be 
17,700 hp. Mercury-arc rectifiers, rated in all at 13,000 
kW, will supply the mill motors. Switchgear, control 
gear, auxiliary drives, and other equipment are included 
in the order. Most of the electric control equipment 
required will be manufactured in Australia by Australian 
Electrical Industries (Proprietary) Ltd. Responsibility for 
manufacturing the rest of the equipment will be divided 
between the Rugby and Manchester works of A.E.I. 
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LU BRICANTS 




















Temperature insensitive. 
Consistent under the most 
exacting conditions. 


Quote your problem for technical advice 
} b ii 





LTD. 


PARK LANE, FALLINGS PARK, WOLVERHAMPTON 
TELEPHONE: WOLVERHAMPTON 31295 
London Office: 22, Headfort Place, $.W.1 Telephone: BELgravia 6146/7 /8 
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TELESIG Screw Pumps are positive 
displacement pumps. Simply constructed, 

they offer exceptional performance and long life. 
TELESIG pumps effect delivery by means 

of three parallel screws engaging each other, 
the power-driven central screw driving 

the two side screws. They may be run at high 
speed thereby reducing motor sizes 

and installation costs. 
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TELESIG Screw Pumps offer the following advantages: 
Self priming. 

Delivery free from pressure pulsation. 

High working speed — small size. 

Near-silent operation. 

Simple construction. 


Minimum maintenance and easy replacement 
of working parts. 


@ Long life. 


TELESIG Screw Pumps are made in three basic ranges: for low 
pressures up to 300 psi, for medium pressure up to 1000 psi and for 
high pressures up to 2,500 psi. 42 sizes are available covering a 
wide range of capacities. 


Sait) Screw Pumps by Telehoist 


TELESIG pumps and equipment are made by Telehoist under licence 
from the Swiss Industrial Company (SIG). 


Telehoist Limited. Cheltenham England. Telephone: Cheltenham 53254 


an associate company of Wilmot Breeden Ltd. 
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PERSONAL 


It is announced by the Aluminium Development 
Association that General Sir Geoffrey Bourne, K.C.B., 
K.B.E., C.M.G., has been appointed director-general, in 
succession to Air-Commodore W. Helmore, C.B.E., who 
recently retired after fourteen years as director-general of 
the Association. 


* * * 


Following the recent appointment of Mr. E. W. 
Molesworth as chief engineer for the London, Eastern, 
and Southern areas, the Engineering Group of the 
General Electric Co. Ltd. of England announce that 
Mr. J. L. Orme, A.M.I.E.E., has been appointed deputy 
chief engineer for the same areas. 


* * * 


Richard Hill Limited, of Middlesbrough, a member 
of the Firth Cleveland Group, have appointed Mr. J. E. 
Lennard as general sales manager. Mr. Lennard will be 
based for the present at Byron House, 7/9 St. James’s 
Street, London, S.W.1. (Tel.: WHItehall 5772). 


* * * 


At the recent annual general meeting of the Tele- 
communication Engineering and Manufacturing Associa- 
tion, Mr. R. A. Moir, O.B.E., M.C., director of Standard 
Telephones and Cables Ltd., was elected chairman of the 
Association, and Mr. W. F. Oakley, director of the 
Automatic Telephone and Electric Co. Ltd., was elected 
vice-chairman. 


* * * 


Mr. J. C. Nutter and Mr. R. Y. Parry have joined the 
board of Isotope Developments Limited, a member of the 
Elliott-Automation Group. Mr. Nutter is a director of 
Elliott Nucleonics Limited, another company in the group, 
while Mr. Parry, who has been with Isotope Develop- 
ments Limited for a number of years, is the manager of 
the company’s works near Aldermaston. 


* * * 


Raleigh Industries Limited announce that, following 
the declaration by Tube Investments Limited of their 
offer to the ordinary shareholders of Raleigh Industries 
Limited as unconditional, Major-General Sir Francis de 
Guingand, K.B.E., C.B., D.S.O., and Mr. T. J. Boulstridge 
have been appointed to the board of Raleigh Industries 
Limited. 


* * * 


Mr. T. H. Kelsey has been appointed deputy general 
manager to Mr. J. J. Gracie, a director of The General 
Electric Company Limited and general manager of the 
Witton Engineering Works of the company. 


* * * 


It is announced by the John Thompson Instrument 
Company Limited, a member of the John Thompson 
Group, that Mr. B. Wright has been appointed sales 
manager. Mr. Wright will continue to be based at the 
company’s London office in Kingsway, London, W.C.2. 
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CAPSTAN AND AUTOMATIC WORK 
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SHEET METAL PRESSINGS 
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ANY METAL ANY FINISH 





to be sure ! 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 
EMPIRE WORKS, PARK ROAD, BIRMINGHAM. 
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18.4.1 High speed steel 


SE ae 


Available from stock 
as bar and forged 
blanks of all sizes. 





Excellent red hardness 
and toughness. 





Ease of heat treatment and 
flexibility of application. 


aS = Typical Analysis : 





aS Carbon 0.75%, 
; Tungsten 18.20% 

Suitable for all general high-speed Chromium 4.15%, 
machining of steels up to 70 tons per Vanadium ‘1.20% 


sq. inch tensile strength, grey cast 


Molybdenum 0.80% max. 
iron and non-ferrous metals etc. 


ENGLISH STEEL 
ROLLING MILLS CORPORATION LIMITED 


Openshaw - Manchester 


TOOL STEEL MANUFACTURERS FOR THE VICKERS GROUP OF COMPANIES 


London Stockist:—Thos. P. Headland Ltd., Birmingham Stockist:—Monks & Crane Ltd., 
10 Melon Road, S.E.15 Garretts Green Lane, 
Phone: New Cross 4300 Birmingham, 33 


Phone: Stechford 4051 
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NEWS ROUND-UP 


European Federation of Corrosion 


The British Association of Corrosion Engineers has 
been elected a member of the European Federation of 
Corrosion. The object of the Federation, which is a 
non-profit-making union, is to promote European 
co-operation in the field of research on corrosion and 
methods of combating it for the benefit of the community 
at large. Membership of the Federation is restricted to 
non-profit-making European technical and _ scientific 
societies whose activities are connected with the field of 
corrosion or the protection of materials. 

The Federation seeks to achieve its objects by 
convening joint European meetings for the discussion of 
subjects of general interest, by convening meetings of 
working parties for the discussion of specific problems, 
by creating working groups for investigating special 
problems, by organizing study trips, and by other means. 
The General Secretariat of the Federation is managed 
jointly in Germany by DECHEMA in Frankfurt Main, 
and in France by the Société de Chimie Industrielle in 
Paris. 

The British Association of Corrosion Engineers was 
formed last year to promote the dissemination of 
technical information about corrosion matters, to develop 
the free interchange of information among members, and 
to promote such educational and other facilities as may 
be required for the establishment of corrosion engineering 
as a recognized profession. Individual membership (two 
guineas a year) is open to everyone interested and 
associated with corrosion engineering. The address of 
the Hon. Secretary is 97 Old Brompton Road, London, 
S.W.7. 


Manchester Factory-Equipment Exhibition 


Believed to be the largest ever to be staged in Man- 
chester, the Factory-Equipment Exhibition, scheduled to 
be held at Belle Vue between September 21 and October 1, 
1960, will certainly be the first major trade show to be 
presented outside London. The total area covered by the 
exhibition exceeds 150,000 sq ft and, because of its size, 
accommodation at Belle Vue has had to be specially 
enlarged. The purpose of the exhibition, which is 
sponsored by the Manchester Chamber of Commerce, 
The Financial Times, and Industrial Equipment News, is 
two-fold, showing the way to improvements in efficiency 
in existing works and also assisting directly in the planning 
of new undertakings. 

Some 240 leading companies will be displaying 
equipment and machinery, and the exhibition will have 
the support of over 250 trade and technical associations, 
institutions, and societies. An innovation will be the 
grouping of exhibits in separate sections, each corres- 
ponding to a major division of industry, covering 
handling, storage, partitioning, packing, drawing-office 
equipment, business systems, workshop machines, tools 
and general industrial equipment, heating, power, 
ventilation, air-conditioning, dust and fue extraction, 
product finishing, anti-corrosive treatrre ts, instruments 


and electronics, safety, canteen and welfa'c, cleaning and 
maintenance, insulation and building, | protective 
clothing. In this connection, a para of the latest 
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Protection- 


made 


to measure 








Vieta Eagle Surface 
Grinder and Milling 
Machine fitted with 


Fortor Veoprene 


Nylon Corrugated 
Covers 





FORTOX 


seals and 
packings 


Beardmore 






Fortox Flexible Covers are designed and 
manufactured specifically to fit any part of a 
machine requiring protection. Single items can 
be supplied promptly, usually without tool 


charge. Made in neoprene-nylon, proofed leather 
or coated fabrics, according to conditions. 
Fortox Covers exclude dirt from sliding members, 
cutting down wear, reducing maintenance and 
lengthening the life of a machine. Write now 

for our technical book ‘Corrugated Covers 

for Machine Tool Protection’. 

Ask also about Fortox Leather Seals and 

Packings made to requirements. A range of high 
accuracy polyester, silicone or synthetic rubber 
impregnated leathers is available to ensure 
positive sealing over a wide variety of conditions. 


FORTOX 


flexible covers 





HENRY BEAKBANE (FORTOX) LTD. 


Head Office 

THE TANNERY, STOURPORT-ON-SEVERN, WORCS 
Tel. Stourport 2017. Grams: Beakbane, Stourport 
London Office 

28-30 LITTLE RUSSELL STREET, LONDON, W.C.1 

Tel. Holborn 7295. Grams: Beakbane, Westcent, London 
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| For machinery like this 














Castings 
like this 


Eccentric as a gear often has to be, yet 
of engaging quality. It’s a casting with 
a fine finish. Ready for a hard, working 
life. Typical of Vickers’ high quality 
steel and iron castings in all grades of 
BSS 592, BSS 1456, BSS 1760 and Bss 1452. 

A good industrial risk—as Insurance 


ers, 


men would say. Proof of which is given 
by radiograph or other non-destructive 











examination if asked for. 


FOR YOUR NEXT PROJECT 
Talk over your requirements with 
Vickers at the planning stage. 


Castings by VIGEERS 


2 Vickers-Armstrongs (Engineers) Limited 





FORGE AND FOUNDRY DEPARTMENT ELSWICK WORKS NEWCASTLE UPON TYNE PHONE NEWCASTLE 33101 





TGA EN4IC 
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industrial protective clothing will be presented three 
times daily and will take place on a specially built stage 
adjoining the exhibition stands, using professional 
models, male and female. 

In addition, a special procession on the lines of 
London’s Lord Mayor’s Show will take place on 
September 24, and will consist of over 100 exhibitors’ and 
other floats, together with representative local contin- 
gents, brass bands, and units from the Services. To 
simplify travel arrangements, the co-operation of airlines 
and British Railways is being sought, and it is hoped to 
operate a helicopter service between Manchester Airport 
and the exhibition site. 


“Invitation to Prosperity * 

Graphically illustrating the way in which automatic 
control equipment can help industry to attain greater 
and more profitable production, the new film, “Invitation 
to Prosperity”, presented by Lancashire Dynamo 
Electronic Products Ltd., is directed to all levels in 
industry, maintaining a nice balance between the 
technical approach to the subject and the need for ready 
understanding by those who are not in any way expert 
in the field of automatic control. The applications 
shown are in everyday use in almost every branch of 
industry, the equipment ranging from simple photo- 
electric switching units costing a few pounds to complete 
automatic control installations having a value of many 
hundreds of thousands of pounds. 

The film conveys to potential users a broad picture of 
some of the many ways in which automatic control 
equipment based on electronic and allied techniques 
can be applied to the practical problems of to-day. 
Apart from industrial uses of automatic control, 
reference is also made to applications in research and 
development and to uses in medicine. One of the main 
sequences shows the manner in which a typical problem 
for a customer is tackled—from the appreciation of a 
requirement for automatic control to the completion of 
the finished equipment. At the end of this section of the 
film, reference is made to the punched-card system, 
which enables a rapid check to be made on the many 
thousands of applications and types of equipment which 
have been produced during the life of the company, so 
that experience in the past can be brought to bear on the 
requirements of to-day. 


New Dunlop Test Plant for High-Speed Tyres 

Bearing in mind that the original Dunlop high-speed 
plant has been successively modified until capable of 
testing tyres at 420 mph, but is unsuitable for testing at 
higher speeds, an entirely new plant, costing £75,000, has 
been designed by the Company for speeds of 500 mph 
and above. With speeds of this order, the internal 
forces in a tyre are of considerable magnitude, so that a 
relatively small increase in speed gives rise to a number of 
unknown factors. Thus, completely new designs of tyre 
have been necessary for the 1960 attempt on the world’s 
land speed record, and the new test plant has been 
constructed to enable these designs to be proved under 
record conditions. During the past few months, the 
plant has been fully engaged in testing different approaches 
to solving the problems associated with new designs of 
tyre for the 1960 record and with confirming the chosen 
design by repeated testing. This has entailed a very heavy 
programme of work, so that no other type of high-speed 
testing is at present being undertaken. 
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The testing machine itself is contained in an under. 
ground chamber and is operated by remote control from 
an adjacent building, a closed-circuit television link 
enabling the tyre to be observed closely and without risk 
at speeds of 500 mph and more. An elaborate system of 
remote controls brings the machine completely under 
control at all times within very fine limits, and all the 
varied information required during a test is displayed on 
a control desk. Although the new plant is specially 
designed for operation at speeds of the order of 500 mph, 
it operates with equal facility at lower speeds, i.e., in the 
60 to 200 mph range. It will therefore be a valuable tool 
for proving racing- and sprint-tyre designs over a very 
wide range of speeds. : 
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THE COLLEGE OF AERONAUTICS 
One Year Post-Graduate Course in 
Automobile Engineering 


Applications are invited for a course which begins in October, 
1960. Applicants should generally be university graduates in 
science or engineering, or holders of a diploma in technology, and 
should have had two years’ practical experience in industry. 

The course will consist of lectures, laboratory demonstrations 
and student investigations conducted under supervision. The 
major subjects in the course will be thermodynamics and engine 
design, structural design and analysis, and vehicle stability and 
handling. In addition, students will attend lectures on general 
engineering subjects. 

Students who successfully complete the course will be awarded 
the Diploma in Automobile Engineering (D.Au.E.). 

Further information and forms of application may be obtained 
—- Warden, The College of Aeronautics, Cranfield, Bletchley, 

ucks 








COLLEGE OF ADVANCED TECHNOLOGY, 
BIRMINGHAM 


Department of Production 
Engineering 
Applications are invited for the following posts 


READER (RESEARCH ENGINEER) 


Candidates must be qualified engineers with experience in 
research and development in production engineering tech- 
nology to develop post-graduate courses and research projects 
and to be responsible for an important section of under- 
graduate work. 


SENIOR LECTURER IN PRODUCTION ENGINEERING 


PRINCIPAL LECTURER in MACHINE TOOLS 
AND DESIGN 


PRINCIPAL LECTURER in METROLOGY AND 
QUALITY CONTROL 


Candidates should have good academic and professional 
qualifications and have had industrial experience with 
technical responsibility in the relevant subjects; ability to 
develop and co-ordinate the teaching and laboratory work; 
organise special advanced courses and maintain liaison with 
industry. 


Salary Scales: 
READER 


SENIOR LECTURER 
PRINCIPAL LECTURER 


(Men) £1,800—£2,100 
(Men) £1,550—£1,750 
(Men) £1,750—£1,900 
Further particulars and forms of application from the Bursar, College 


of Advanced Technology, Gosta Green, Birmingham, 4. Applications 
to be received within 14 days of this advertisement. Please quote ‘E.D.’ 


K. R. PILLING, Clerk to the Governors 
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BACKED BY 
MORE RESEARCH 


THAN ANY 
OTHER SCREW 





Inbrako are making screws now to take strains which of tomorrow, backed by intensive research and the 
fe still drawing board calculations. That is what most advanced production techniques. 


nbrako’s genuine five-year lead means to industry. 
ksigners can plan ahead in the confidence that the Fastenings are no problem nowadays. Unbrako indivi- 


steners they will need already exist. dual product leaflets, gladly sent free on request, will 


nbrako screws are made by men with a wealth of meet most of your needs. For special projects, the 


kperience, applying the skills of today to the needs Unbrako man will be happy to call. 


UN BRAK O 








BRAKO SOCKET SCREW COMPANY LIMITED, COVENTRY. TELE: 8947° 
UNBRAKO SCHRAUBEN Gm. b. H. DUSSELDORF 
UNBRAKO STEEL CO. LTD. SHEFFIELD, ENGLAND 
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NEW TECHNICAL BOOKS 


Coastal Changes. By W. W. Williams. 240 pp., 
62 illustrations. Publishers: Routledge & Kegan Paul 
Ltd., 68-74 Carter Lane, London, E.C.4. Price: 28 

Modern research in the field and in the laboratory 
makes it possible to examine individually the processes 
of the changes, some of them catastrophic, caused by 
erosion or incursion by the sea. In this extremely inter- 
esting and authoritative book, the author, who is Lecturer 
in Surveying in the Department of Geography, Cam- 
bridge University, gives the results of investigations into 
such matters as coastal erosion and the work of wind, 
tide, and sea in changing the shape of coastlines. 

The book covers the transport of coastal material, 
the formation of lagoons, and different types of erosion 
and deposition, as well as the broad configuration of the 
coastline, its physical substance, and the major geological 
factors. In addition, a chapter of particular interest to 
engineers and local authorities is included on the subject 
of sea defences, in which details are given of the efficiency 
of various methods of coastal protection against storm 
or erosion. 


Using Centrifugal Pumps. By E. Allen, M.I.E.T. 
262 pp., 85 illustrations. Publishers: Oxford University 
Press, Amen House, Warwick Square, London, E.C.4. 
Price: 30 /-. 

Beautifully printed and enlivened with a wealth of 
pertinent illustrations, this excellent book deals authorita- 
tively and concisely with centrifugal pumps from the 
point of view of users and more particularly of operating 
and maintenance staff. As such, it constitutes a useful 
and practical guide to those who are responsible for the 
efficient operation and day-to-day care of pumps and 
their emergency repair and installation. 

In addition to describing the fundamental principles 
involved, the book explains pump characteristics and 
includes numerous examples of methods of correctly 
choosing types and capacities for both permanent and 
emergency needs. Considerable useful supplementary 
information, in the form of tables, etc., is also included. 


Engineering Design with Rubber. By A. R. Payne, 
B.Sc., A.Inst.P., A.I.R.I., and J. R. Scott, Ph.D., M.Sc., 
F.R.LC., F.Inst.P., F.1.R.I. 266 pp., 104 illustrations. 
Publishers: Maclaren & Sons Ltd., 131 Great Suffolk 
Street, London, S.E.1. Price: 50 

Although this is the first theoretical examination of 
an increasingly important subject to appear in book 
form, it has also been designed as a practical manual for 
engineers and rubber technologists who may be faced 
with problems in rubber-engineering design. As such, in 
fulfilling its purpose as a useful reference work dealing 
with the properties, testing, and design of rubber as an 
engineering material, it includes sufficient details of the 
basic physical properties of rubber to enable engineers 
who may be unfamiliar with rubber technology to 
appreciate its essential characteristics and, at the same 
time, presents the whole subject with only that modicum 
of mathematics which rubber technologists can be 
assumed to possess. 

The book is very well written and admirably illu- 
trated, and covers its subject thoroughly, but concisely. 
Chapters include details of the dynamic and related 
time-dependent properties of rubber, other properties 
relevant to engineering design, test methods, force 
deformation relationships in rubber units, resonance and 
transmissibility, practical design details, the use of rubber 
in engineering, and collaboration between engineers and 
rubber technologists. In addition, useful appendices are 
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included, giving information on British and American 
standard test methods for rubber, British and American 
standards for natural-rubber and _— synthetic-rubber 
compounds, and the properties of vulcanized natural and 
synthetic rubbers. 


Roll Pass Design. 290 pp., 114 illustrations. 
lished by The United Steel Companies Limited, 
Box 64, The Mount Broomhill, Sheffield 10. Price 
($9.00 in Canada or U.S.A.). 

Bearing in mind that good design is essentially based 
on experience, set against a background of basic principles 
and practice, the object of this outstanding book is to 
provide information on these factors and to explain the 
methods used for designing rolls for the more commonly 
used products by means of specific examples. Well 
written and profusely illustrated, the book covers the 
subject systematically. Thus, after physically defining 
rolled products and giving a short history of rolling and 
pass design, the characteristics of the hot rolling process 
and the various aspects of roll quality and strength are 
discussed before the design of passes is covered by pro- 
duct groups, the chapters proceeding from flat products 
to simple shapes, such as squares, rectangles, and rounds 
(i.e., billets, slabs, and bars), to the more complex shapes, 
such as angles, rails, beams, and channels. 

In each case, analytical methods of design are given, 
where they are known and where they are applicable. 
Frequently, however, the occurrence of so many vari- 
ables, e.g., rolling temperature, roll material, roll wear, 
friction, and product quality, makes a detailed analysis 
complex and unwieldy. In these cases, accepted practice 
is quoted and discussed. In short, there can be no doubt 
that this book will prove to be a valuable textbook to 
students, as well as a useful reference work to all those 
already engaged in roll pass design. 


Pub- 
P.O. 
: 60/- 
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PRACTICAL MANUAL 
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Illustrated —35s. net 
A MANUAL OF 
FOUNDRY PRACTICE 
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Beaver pre-loaded ball screws, up to 95/ efficient, 


operate at-52 C to over 400 C with no backlash... 
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OTHER ENGINEERING ADVANCE 


FROM BRISTOL SIDDELEY 


Bristol Siddeley Engines Limited produce Beaver* pre- 
loaded ball screws. These ball screws achieve a minimum 
efficiency of 90°, and they can operate within a tempera- 
ture range of —52° C to 400° C without lubrication, and 
up to 170° C when lubricated. 


Machined and ground to the highest standards of pre- 
cision engineering Beaver pre-loaded ball screws greatly 
increase transmission efficiency. They reduce the power 
required for actuation by as much as 80°,, when con- 
verting rotary drive into linear output or force input 
into torque output. By eliminating backlash, with pre- 
loading, they give precise control over very small incre- 
ments of motion and a high response frequency. And 
when compared to conventional screw mechanisms, 
they provide a predictable operating life which is much 
longer, require much less maintenance and give more 
trouble-free operation. 


Basic design application analysis 

Bristol Siddeley engineers make an exhaustive analysis 
of each specification. And each unit is specially designed 
for its particular application. Beaver ball screws are 
made with controlled 


automatically reversible or 
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‘“‘no-back,’’ with multiple or single circuits. Beaver 
pre-loaded ball screws have been proved as the most 
efficient method of converting rotary into linear thrust 
in over 2,700 engineering applications in many branches 
of industry. They have been designed already with rated 
operating load capacities of 370,000 Ib (825,000 Ib 
maximum static load) but the maximum potential 
operating load is, in most cases, limited only by the 
requirement. 





| 
Bristol Siddeley Beaver ball splines have 
been developed to eliminate the disadvantages 
of conventional splines. The designs are very | 
: : ; ' 
high torsional and bending loads are imposed l 
' 

| 


f 
| effective in minimising friction, particularly when 
| 


during linear movement. 


*Complete technical and manufacturing co-operation with 
Beaver Precision Products Inc, Detroit. 


For further information please write to: 

J. B. STARKY, SALES MANAGER (BEAVER PRODUCTS 
DIVISION), BRISTOL SIDDELEY ENGINES LIMITED 
PO BOX 17, COVENTRY, ENGLAND 


BRISTOL SIDDELEY ENGINES LIMITED 
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LATEST INDUSTRIAL LITERATURE 


1. Flow Indicators 

Intended for use with air and non-corrosive gases, a 
range of flow indicators is presented in a 4-page folder. 
The indicators, which operate at a maximum working 
pressure of 100 psi, are also available coupled with a 
differential pressure regulator for such applications as 
liquid level measurement, in which both supply and 
delivery pressures are subject to variation. 


2. Self-Contained Boilers 

Unified electric and steam/oil-preheater, single-motor 
drive of burner and compressor, forced-draught construc- 
tion, and fully-automatic operation are some of the main 
features of the self-contained boilers described in an 
8-page brochure. The design of the boilers is such that 
the hot flue gases travel successively through four tube 
passes, each of which has a reduced cross-sectional area, 
ensuring a constant, high flue-gas velocity and an 
improved heat transfer throughout the system. 


3. Variable-Flow Pumps 

Details are given in a 2-page leaflet of a series of 
variable-flow pumps, designed with manual, mechanical, 
or automatic controls. The pumps, which are of the 
multi-piston in-line type with cam-driven plunger 
pistons and mitre-seated valves, can be supplied as 
separate units or incorporated in a power pack. 


4. Bearings and Bearing Materials 

An illustrated 18-page handbook serves as a useful 
guide to the selection and use of bearings and includes 
essential data and tables on bushes, white bearing-metal 
ingots, micro-clearance bearings, and film-located bear- 
ings. A supplementary 24-page handbook deals com- 
prehensively with a series of dry bearings and dry-bearing 
materials and also contains information and recommenda- 
tions on surface treatment for dry bearings. 


5. Socket-Head Cap Screws 

The range of precision socket-head cap screws pre- 
sented in an illustrated 6-page folder includes socket-cap 
screws, dome-head screws, pressure plugs, ring bolts, 
and countersunk screws. Principal dimensions and 
thread sizes as well as mechanical properties of the 
screws are also given. 


6. Precision Ball Bearings 

The range of applications of precision ball bearings 
presented in an illustrated 44-page catalogue includes 
instruments, gimbal systems, servomechanisms, recording 
devices, computers, and other equipment in which 
minimum bearing friction is essential. The bearings are 
manufactured in open, single-shield, and double-shield 
versions with inseparable balls or spring ball separators. 


MAIL THIS COUPON TO-DAY 
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120 Wigmore Street, London, W.1. 
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7. Resins and Glues 

Intended as a general guide to the application of 
resins and glues, a 16-page brochure deals with a wide 
range of synthetic resins, such as ureas, phenolics, 
resorcinols, epoxides, and furanes, as well as with 
caseins, animal glues, and a variety of other types of 
adhesives. The processes detailed include cork bonding, 
wood gluing, sealing, grease-proofing, laminating, etc, 


8. Centrifugal Governor 

Capable of providing a speed control to within +0-5 
to +0:75% for machines running at 1500 to 3000 rpm 
and requiring no adjustment for periods—from 1500 to 
3000 hr, a new type of centrifugal governor is presented 
in a 4-page folder. The governor has only one moving 
part, a single-leaf spring, which is carefully designed to 
avoid resonance and to give the exact required pressure 
atthe contact points. Drift and failure due to the transfer 
of metal from the positive to the negative contact is 
virtually eliminated by frequently reversing the polarity 
of the governor during each revolution. 


9. Electro-Optical Tachometer 

An illustrated 6-page folder describes an electro- 
optical tachometer which is capable of measuring speeds 
ranging from 200 to 15,000 rpm without the use of 
connecting wires or mechanical coupling, making it 
possible to control speeds of rotation in inaccessible 
locations and eliminating the danger of speed loss in 
low-power motors, machines, and turbines during 
testing. The tachometer is eminently suitable for 
checking the number of cuts in cutting tools and for 
measuring the frequency of longitudinal movements of 
pistons, valves, injectors, etc. 


10. Precious-Metal Contacts 

Intended as a comprehensive manual on the selection 
of precious metals for electrical contacts, potentiometer 
windings, glass-to-metal seals, excess-temperature fuses, 
and a number of other applications, a 48-page handbook 
describes a range of precious-metal contacts. Chapters 
are included on contact rivets, on contacts for projection 
welding, and on electrodeposited contact materials, such 
as silver, rhodium, gold, and palladium, and charts of the 
chemical and mechanical properties of the precious 
metals, as well as recommendations on the design of 
electrical contacts, are also given. 


11. Screw-Thread and Profile Projector 
Incorporating a fully rotating object holder and 
specially useful for batch inspection, a precision screw- 
thread and profile projector is described in a 4-page 
brochure. The projector is fitted with a helix-angle 
adjusting device, changes in magnification ratios being 
carried out by a preset lens system. The use of the 
projector obviates the necessity for thread charts, as any 
dimension can be measured directly by micrometers. 


12. Tool Holders and Tool Tips 

Particulars are contained in a 24-page brochure of a 
wide range of toolholders and throw-away tool tips, 
including carbide chip-breakers, tips for holders with 
positive or negative cutting angles, and_bar-turning, 
side-cutting, and facing tools. A useful tool-selection 
chart and tables of cutting speeds are also included. 


13. Bench and Machine Vices 

Greater operating speed, safety, and accurate and 
firm three-point grip without end drop are the major 
advantages of the fixed-jaw bench and machine vices 
described in a 4-page folder. With these vices, any 
irregular or intricate shape of workpiece can be held 
without clamps, packings, or jigs. In addition, they are 
specially suitable for use with various types of bars, 
tubes, and angles, which can be held vertically by a 
series of grooves in the turret jaw. 
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AAA MELE 
Cooled-Cathode 


RECTIFIERS 





Increased output 
-less space 


The Hewittic cooled-cathode rectifier is 
essentially compact and provides a very 
high capacity within a given floor area. 









Right: Two Hewittic cooled-cathode recti- 
fiers forming a 5000 kW bank in the Dover 
Substation British Railways, Southern 
Region: 


rs ee a eae 


cooled-cathode 
rectifier bulb 





! 
I 
I 
i 
.@ 1 
I 750 kW 
3000 volt 
I Hewittic 
4 
i 


CONVENTIONAL . COOLED-CATHODE |; 


@ Smaller size (see comparison 
between conventional and cooled- 
cathode bulbs of same capacity 
above). 


@ Improved efficiency at lower 
voltages. 


@ Dependability of bulb maintained. 


HACKBRIDGE ... HEWITTIG 


@ Ease of installation and mainten- 





_ ELECTRIC CO. LTD. 
, WALTON-ON-THAMES - SURREY - ENGLAND 
Send for publication RI92/! Telephone: Walton-on-Thames 28855 (8 lines) Telegrams & Cables: “Electric, Walt “Thames” 


OVERSEAS REPRESENTATIVES. ARGENTINA: H.R. Roberts & Cia., S.R.L. Buenos Aires. AUSTRALIA : Hackbridge 
and Hewittic Electric Co., Ltd., 171, Fitzroy Street, St. Kilda, Victoria, N.S.W.: Queensland: W. Australia: Elder, Smith & 
Co., Ltd., : South Australia : Parsons & Robertson Ltd., : Tasmania: H. M. Bamford & Sons (Pty.) Ltd., Hobart. BARBADOS 
and surrounding islands : Electric Sales & Service Ltd., St. Michael. BELGIUM & LUXEMBOURG : Pierre Pollie, Brussels, 3. 
BRAZIL : Oscar G. Mors, Sao Paulo. BRITISH GUIANA: Dandor Commission Agency, Georgetown. BURMA: Neonlite 
Manufacturing & Trading Co., Ltd., Rangoon. CANADA: Hackbridge and Hewittic Electric Co. of Canada Ltd., Montreal : 
The Northern Electric Co., Ltd., Montreal, etc. CEYLON: Envee Ess Ltd., Colombo. CHILE: Sociedad Importadora del 
Pacifico Ltda., Santiago. EAST AFRICA: G. A. Neumann Ltd., Nairobi. EGYPT: Giacomo Cohenca Fils, S.A.E. Cairo. 
FINLAND: Sahko-ja Koneliike O.Y. Hermes, Helsinki. GHANA, NIGERIA & SIERRA LEONE: Glyndova Ltd. GREECE: 
Charilaos C. Coroneos, Athens. INDIA: Steam & Mining Equipment (India) Private Ltd., Calcutta, Easun Engineering Co., 
Ltd., Madras, 1. IRAQ: J. P. Bahoshy Bros., Baghdad. MALAYA, SINGAPORE & BORNEO: Harper, Gilfillan & Co., 
Ltd., Kuala Lumpur. NETHERLANDS: J. Kater, E. O., Ouderkerk a.d. Amstel. NEW ZEALAND: Richardson, McCabe & 
Co., Ltd., Wellington, etc. PAKISTAN: The Karachi Radio Co., Karachi, 3. SOUTH AFRICA: Arthur Trevor Williams 
(Pty.) Ltd., Johannesburg, etc. CENTRAL AFRICAN FEDERATION: Arthur Trevor Williams (Pty.) Ltd., Salisbury. 
THAILAND: Vichien Phanich Co., Ltd., Bangkok. TRINIDAD & TOBAGO: Thomas Peake & Co., Port of Spain. 
TURKEY: Dr. H. Salim Oker, Ankara. URUGUAY: Ciuna Ltda., Montevideo. U.S.A. : Hackbridge and Hewittic Electric 
Co., Ltd., P.O. Box 234, Pittsburgh 30, Pennsylvania VENEZUELA : Oficina de Ingenieria Sociedad Anonima, Caracas. 
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‘Dumbo’ loading equip- 
ment, made by Service 
Engineering Co., 
(Northampton) Ltd., was 
coated using Luxol Quick 
Drying Enamels. 
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ENAMELS 


























- « - in minutes... 


Where high-speed-drying enamels are called for—as 
in the case of the Dumbo loading system units—these 
special Luxol finishes offer the immediate answer. 
Outside the scope of both the cellulose and petroleum 
regulations, Luxol Quick Drying Enamels are tack 
free in less than 30 minutes . . . hard dry overnight 
... and force drying when necessary in 30-40 minutes. 
Available in all shades . . . drying with high-gloss 
finish, Luxol Quick Drying Enamels are extremely 
durable, resist chipping extremely well and withstand 
oils and greases superbly. 

A wide variety of uses from toys to electrical and 
scientific instruments ; furniture and agricultural im- 
plements—Luxol Quick Drying Enamels are first 
choice for the finest finish. 


means faster production 


ig 


BRITISH PAINTS LIMITED 


Industrial Finishes Division 


PORTLAND ROAD, NEWCASTLE UPON TYNE, 2. 
NORTHUMBERLAND HOUSE, 303-306 HIGH HOLBORN, LONDON, 
WGA. 
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Belfast, Birmingham, Bristol, Cardiff, Glasgow, Leeds, Manchester, Norwich, Plymouth, Sheffield, Southampton, Swansea and all principal towns. 
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All you need to start automatic welding 
are the seven standard components (in- 
cluding power source) which make up 
the Quasi-Arc Basic Head. Mount them 
on a simple fixture to suit your own type 
of work and you are in production. (Make 
use of that old radial drill or lathe, for 
example, to manipulate the welding head 
or workpiece). The Basic Head is intend- 
ed primarily for Fusarc/co, welding, but 
can be converted in minutes for the 
UNIONMELT OR FUSEMELT SUbDmerged arc pro- 
cesses. The equipment can also be 
supplied as a complete fixed or self- 
propelled welding machine ready for use. 








GO AUTOMATIC—with the Quasi-Arc ‘Basic’ Welding Head 


NEW LOW-COST AUTOMATIC WELDING PLANT. Quasi-Arc now introduce 
an entirely new concept in automatic welding plant. With the Basic 
Head you can construct an automatic welding installation to meet 
your own special requirements—at a much lower cost than before. 
The plant can be adapted progressively to meet production changes 
by buying conversion parts independently as required. For full details 
write for Quasi-Arc Technical Circular No. 204. 


Quasi-Arc a ) LY world leaders in arc welding 4 |) company 


Quasi-Arc Limited - Bilston - Staffs - Tel: Bilston 41191 











Hancomatics! Today’s finest range of dual car- 
riage oxygen profiling machines. In addition to 
machines with 40” and 62” cutting widths, there 
are now Hancomatics with go” and 120” cutting 
widths. Hancomatic means top speed, precision 
cutting—every time; as clean as nearly 40 years 







specialist experience in cutting can ensure. 






NEW sleek enclosure protects moving parts from 
dirt and dust. 

NEW rigid box construction. 

NEW electrically operated cutting oxygen valve 
with instant shut-off. 

NEW tracer head for operation from all types 
of template. 








% The 120” width machine is Britain’s 
largest. A standard machine of this type 
can be equipped for a cutting area of as 
much as 500 square feet. 


The new Hancomatic embodies the best 
principles of oxygen cutting in a hand- 





some, enclosed streamlined machine. 
Take a big step towards streamlining 
your production. Write for details: 





HANCOCK & CO. (Engineers) LTD. 
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Now available in 90 & 120° cutting widths 


PROGRESS WAY - CROYDON -: SURREY 


... and the NEW 
ElectronicHANCOLINE 
traces from pencil 
drawing automatically 

% Cut width compensation 
on tracer head. 


’ No need for templates. 


% Equipped with the Hancock 
patented roller drive—no 
physical contact between 
tracer and drawing. 


+ Supremely simple in opera- 
tion. 


Available with 38’, 60°, 90° and 
120” cutting widths. 


Send for descriptive leaflet. 


Telephone: CROydon 1908 











COVENTRY GAUGE & 
TOOL COMPANY LTD 


ATRIX 


QUALITY 





Thread Grinding Machines 
save money on parts like-these 
————— 





Screw Plug Gauge 
23” dia. x 11 T.P.I. x 22” 
Whitworth Form 


he various ‘MATRIX’ Models represent the 
world’s widest range of Thread Grinding 
Machines. 

They will accommodate a range of work extending 
High Speed Steel Tap 
1” x 8 T.P.I. x 24” 
Whitworth Tap 

Limits BS949 

Grinding Time 80 secs. 


from the finest threads used in precision 

instrument manufacture up to a maximum capacity 
of 14” diameter by 72" long. 

The machines embody the latest advances 

in toolroom and production thread grinding technique 


and are based on many years of research 
Thread Crushing Roller 
a dia. x S T.PA.x 1” 
American Form 


and development. 


Micrometer Screw 
10mm.x0.5mm.x40mm. 
long, S.I. Form 
Grinding Time 6 mins. 





a a~ 


Internal Combustion 


Steering Worm Internal Threaded Screw Plug Gauge 
Engine Valve Seat 26mm. x 6mm. x 66 Component 14” dia. x 4 T.PLL 
13” dia. x 20 T.P.I. x §” mm. long 14” dia. x 16 T.P.I. x 2” Acme. 
Whitworth Form L.H. Worm Form x £” Unified Form 
Grinding Time 50 secs. Grinding Time 3 mins. Grinding Time 4 
rhins. 





R 0 — or further particulars write or telephone TODAY 
OCKWELL 


Vi ol ne oe eo eee 2 ee WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE 0033 





ALSO AT BIRMINGHAM —TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2622 
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WE OFTEN 
TALK 


SHOP 
LUNCH 








(Because we like to thoroughly digest our customers’ problems !) 











jue 
We like to see a job well done. And we like to see our customers happy! 
Getting our teeth deeply embedded into our customer's problems—no matter how specialized 
and individual—is the backbone of the MVC service! 
Over 30 years’ experience and ‘‘know-how”’ has been built-in to our range of over 100 automatic 
control valves. People control water with them, gas with them, oil with them, steam with them 
and a host of other industrial liquids and gases too. Mushrooms are grown with them, jam is 
made with them and ships’ cargoes are frozen with them! 
You'll find that expert consultation and advice cost you absolutely nothing at MVC. Our full 
experience is at your disposal. Many times, what has first appeared to be impossible has been 
achieved. Why not write now for our new comprehensive catalogue No. 25 which contains full 
details of our complete range! 

: Gauge 

4 TP. 

0035 hi V C, The Magnetic Valve Company Ltd 

2822 7 KENDALL PLACE - BAKER STREET - LONDON W.1. HUNTER 1801 
: 
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hi e 7 ph shows a close up 
e L1] Long Taper Spindle Nose. 
Other alternatives are screwed nose 
and Al short taper nose 





CROWTHORN ENGINEERING COMPANY LIMITED 
Makers of High Class Machine Tools for over half a century 
REDDISH . STOCKPORT : ENGLAND 
Phone: STOCKPORT 7271-2-3 Grams: CROWTOOL, REDDISH 
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MACHINE TOOLS 


PROCUNIER 
> £uest 

plds fines 

TAPPING 


EQUIPMENT 4 
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NOW AVAILABLE IN GREAT BRITAIN 


* Precision built to highest standards 


* Assures accurate, dependable, sensitive 
tapping 
* Affords automatic tap protection 


Monks & ‘Crane 


BIRMINGHAM imo}, Tele), | MANCHESTER GLASGOW 


NEWCASTLE-ON-TYNE LEEDS BRISTOL 
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“CRS” stands for Charles Richards 
& Sons, of course. The extra ‘R’ 
stands for the grade, and identifies 
the bolt as a ‘Hi-Strain’ 45/55 tons 
tensile. And all of it means ro 
resistance to stress and vibratio 

See that your bolts are signed wit 
this lon nig antee of max 

mum safety 


BOLTS CHARLES RICHARDS & SONS LTD. 


"Phone: James Bridge 3188 (8 lines) P.B.X. Wires: “Richards’’ Darlaston 
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You can choose from Standard’s Outstanding Range of © 
PISTON RINGS AND ASSEMBLIES 
for any type of engine... Steam, Petrol or Diesel... 
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THE STANDARD PISTON RING & ENGINEERING co., 
rh Works aan Road ° Sheffield e: ° eT 
Telephone: Sheffield 42076 (3 lir s) Telegrams: Ocean, Sheffield 9. 


LTD., 


34 THE ENGINEERS’ DIGEST 





P.0. BOX No. 23 - DARLASTON - WEDNESBURY - SOUTH STAFFS. 
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Our range of industrial engines are a_ practical 
proposition for many types of industrial equipment 
... compressors, cranes, pumps, contracting equipment, 
earth borers, generators, railcars, welding plant, works 
trucks, tractors and conversions. Simple design, 
modern flow-line production methods and common 
interchangeable parts contribute to the low cost of 
these high efficiency engines. And remember, every 
engine is fully backed by a World-wide Parts and 


be Ome mw BE ew 


Wherever you are, whatever your problem, 
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MOTOR COMPANY LIMITED - ENGLAND 


are at your service 


For further details of our 


INDUSTRIAL 
ENGINES 


and the equipment they power, 
send the coupon to your nearest Ford Dealer 
or direct to 


pe 





industry 


Service Organisation. Take your choice from a wide 
power range... Diesel 20 to 86 b.h.p. and Petrol 11 
to 87 b.h.p. (12-hr. rating). 


DIESEL ECONOMY—have you considered the replace- 
ment of existing power units in your equipment and 
trucks with the famous 4D Diesel engine? You'll have 
the unique advantages of economy, long-life and low 
running costs ... plus the best service in the World! 








Please send me technical brochures of your *PETROL 
DIESEL Industrial Engines. The maximum B.H.P. required 
Diocecncaes ET R.P.M. Also, please send details 
of the following equipment powered by your engines. 


Address ii , i aioasscesoser a tacharpcataiie encaietitida 


Nature of Business 


Telephone No. 


* Delete where not applicable G51'248 











FORD MOTOR COMPANY LTD - PARTS DIVISION (G51) - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 
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RINDER 
mbes lf l/s 


and high-precision components 


TECHNICAL 
CHARACTERISTICS 


Internal grinder for 
holes of 1 to 20 mm 
diameter in_ high. 
hardness alloys, eg., 
gauges, dies, _ etc. 
Spindle speeds from 
60,000 to 140,000 rpm.— 
Quick adjustment for 
control of diameters, 
with automatic feed of 
the spindle head: auto- 
matic stop — Supply 
voltage according to 
requirements. Weight 
of complete Grinder 
approx. 750 kg. 











CONSTRUCTIONAL FEATURES 
Grinder specially designed for the mass production of injectors of any type for the internal grinding of gauges and dies in tungsten, 
carbide and other alloys, for work requiring a very high degree of precision of the order of 0°0003 mm both in roundness and centricity 
with surface micro-roughness of 0°00025 mm. Perfectly smooth surfaces are obtained, in view of the complete absence of harmful vibrations 
The perfect finish of the surfaces, combined with exact geometrical shape, is always assured by the M.C.54 Grinder fitted with patented 
M.C.52 ‘“‘Turbo Spindles’’, with automatic take-up of bearing play, oil-mist lubrication, and other features introduced into its 
construction. All the adjustments of the individual members of the machine are hydraulically controlled. The machine is fitted with 
turbine-driven spindles of very high rotational speeds, from a minimum of 60,000 to a maximum of 140,000 rpm; one of these spindles 
serves to grind cylindrical parts and the other conical parts (e.g. injector and valve seats) according to requirements. 
The rotating spindle unit of the M.C.52 ‘‘Turbo Spindles’”” employ a small turbine and the hydraulic system adopted, as compared with 
electrically-driven spindles, affords numerous advantages, including the following :— 
simplicity of construction. 
variable speed range between the limits required, depending upon the internal dimensions to be ground. 
normal operating speed : 120,000 — 130,000 rpm. 
speed variation between full and no load about 3-4 per cent. 
extremely simple automatic lubrication, without the need for cooling equipment. 
possibility of grinding diameters from 1 to 20 mm. 
automatic take-up of bearing play by means of a patented device which guarantees longer life to the bearings. 
operating life of the spindl. at least 800 working hours guaranteed 
high-precision grinding and finishing of the parts. 


FRATELLI COPPIER-MILANO (ITALY) PIAZZA CARRARA, n.15 
Phone : 84.90.386 
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CASTING 












The skill needed to send a fly skimming 
through the air and land’ just in the right 
place is only acquired with experience and 
practice. The art of making good 
castings is equally a matter of skill 
and precision. We are specialists 
in the manufacture of manganese 
and aluminium bronze _castings. 


We manufacture and stock large 
quantities of Chill Cast Solid and 
Cored Bars, supplied in 2’ lengths 
or cut to customers’ require- 
ments—no order too small to 
merit our attention. 
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PIROKFKLING & SPTHARING 
CONWIRO Lb 
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TWO-DIMENSIONAL 
COPY-MILLING 


MACHINE 
COPY MILLING 


Copy milling of two-dimensional contours 
is achieved through automatic electronic 
control of the table traverses. This tech- 
nique is applicable to workpieces within 
the capacity of the machine table. 


STEERING 


When milling complicated shapes simul- 
taneous control of longitudinal and 
transverse table feeds allows direction 
of travel of the cutter in relation to 


the work to be ‘‘Steered”’ through 
360 degrees. 


This increases cutting 
efficiency by eliminating idle travers- 
ing of the table. 


Both of the above features may be 


incorporated together, or steering 
control only, as ordered. 


Working surface of table 
54in. x I6in. 
Spindle Nose to Table 
Min. I fin. Max. 24in. 


Spindle Driving Motor 10hp 


Spindle Speeds up to 1600 rpm 
Table Feeds 


up to 48 ipm 
Table Rapid Traverse 72 ipm 


NFINITELY 
VARIABLE 
ABLE FEEDS 





GORTON MANCHESTER 
WA 


hone LAST 1035 
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Today’s engineers are using the material 







of tomorrow— Maranyl’ A 100 nylon 


Orifice tubes made by Resinoid and Mica Products 
Ltd., Reading, from ‘ Maranyl’ A 100 M nylon (on left) 
used in a Cooling Tower made by Film Cooling Towers 
(1925) Ltd., Richmond, Surrey (below). 






‘Maranyl' A 100 nylon chosen 
for cooling tower tubes which 
will resist corrosion, allow free 
flow and last indefinitely 









HESE orifice tubes were made from ‘ Maranyl’ resist vibrational fatigue, are silent in operation, 
A 100 M nylon by Resinoid and Mica have good insulation properties and a low coefficient 
Products Ltd., Reading, for a cooling tower made of friction. 
by Film Cooling Towers, (1925) Ltd., Richmond, 1.C.1. Research and Technical Service 
Surrey. ‘Maranyl’ nylon is backed by the full force of I.C.I. 
A 100 nylon has a multitude of uses in the Research and Technical Service. That service is avail- 
industry of today—and tomorrow—because of able to you. If there is anything you wish to know 
its many properties. It is available in a wide range about nylon and its uses; if you have a problem 
of modern colours. Mouldings made from concerning noise, lubrication, wear and durablity— 
‘Maranyl’ need no lubrication, are light in weight, consult I.C.I. They will be glad to help. 


‘Maranyl 4 100 NYLON 


* Maranyl’ is the registered trade mark for the nylon compound manufactured by I.C.1. 





THPERI AL CHERMIC AL INDUSTRI GCS LIiMITED-LOnDon- &.W.1 


PN i158 
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HERBERT 


No. 3. Capstan Lathe for bar work up to 14” 


diameter and chuck work up to 9” swing. 


Now available for Early Delivery. 








Set-up on a Herbert No. 3 Capstan Lathe fitted 














with a hand-operated Dead-length Bar Chuck for eee 
Fo pe 4 pf ga} 
machining a vent plug from a 1°301” across flats, 7 ra) 
carbon steel hexagon bar. 18,°4-001 
i 
—~Y% ase — "6-45: 





The floor-to-floor time is 24 minutes. 


a, HERBERT LTD., COVENTRY 
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| SMITHS 


Magnetic Particle 


UPLING 







Smooth as a hydraulic coupling, but without 
the drag, positive as a friction clutch but never 


needing adjustment for wear, SMITHS magnetic 


of 


particle COUPLING provides accurate 
control of torque without complications. It acts 
as a coupling or brake in either direction 

and can be remotely controlled from 

any distance. 

If your requirements include coupling units 


with torque capacities between 1 3 and 








Or Peper ene 
200 Ib ft, let us advise you on the application 
45° of these units in your plant. 
\} ee & S. SMITH & SONS (ENGLAND) LIMITED 
} f a 
AP 92 INDUSTRIAL PRODUCTS DEPARTMENT, WITNEY, OXON. Telephone WITNEY 678 
D481 


+ i I AUGUST, 1960 Volume 21, No. 8 41 













a 
t J 

Queen 
en MAIESTY THE GS DARWEN 


rr 
TENT TO HI PAMUR C! 


y ArPou Novy 
maNurAcTURERS oF pain, THE 


Catalogue of 
INDUSTRIAL 


WAIL PAM UR 


ere) 
DARWEN & Lon LTD 


DON 


Constant research has ensured that Walpamur Industrial Finishes 

meet every requirement of modern industry, and these four free publications 
will help you to make the best possible use of this extensive range. 
CATALOGUE OF INDUSTRIAL FINISHES describes the pre-treatment of 


metal surfaces before painting and gives details of primers, fillers and stoppers, 
stoving finishes,enamels, nitro cellulose finishes etc. 


EPOXY RESIN PAINTS booklet details the complete range of FEROX 
epoxide resin based paints, including stoving, air drying, and cold cure finishes for 
many industrial requirements. 


SILICONE LEAFLET gives information about the use of silicone in heat resisting 
and water repellent paints, bonding varnishes, etc. 


INDUSTRIAL SHADE CARD shows the complete range of colours available for 
all types of finishes. 


All are obtainable free on request to: 


THE WALPAMUR COMPANY LIMITED 
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DARWEN AND LONDON 


Paints, enamels, varnishes and finishes for every industrial need 
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A Spiral Casing designed by Boving & Co. Ltd. 
for the Central Electricity Generating Board's 
Hydro-electric Power Station at Cwm Rheidol, Wales. 


Peter Brotherhood Ltd. have the capacity, backed 
by skill and experience, to build prototypes, 
pilot plant and full scale production machines 


for new projects or enterprises. 


PETER BROTHERHOOD LTD 





1960 


PETERBOROUGH ENGLAND 


Compressor and power plant specialists for nearly a century 
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HYDRAULIC 
CONTROL 


SAWING 
MACHINES 


‘Unique in design. Proved in 


TUBE EXPANDERS 
FORALL PURPOSES — 





practice. Precise pressure 
control for wide range of metals 
and sections. The blade 
commences and finishes each 
cutting stroke with reduced 
pressure, with resultant 


saving in blade wear. 





FAMOUS FOR SPEED 
ACCURACY AND RELIABILITY 


THE WICKSTEED AUTOMATIC TORQUE 
.. +.» CONTROL UNIT 











No. 12 
12” . 12” Capacity 
4 As supplied to th — 
” s supplied to the : 
Admiralty, Central Electricity . Xe Oo 


Authority, Railways, Oil Refin- Hydramatic Machine 


eries, leading Boiler Makers and industrial users. 


LEADING TUBE EXPANDER MANUFACTURERS 
FOR OVER 70 YEARS 




















SUPPLIERS TO ALL INDUSTRIES. 
CHARLES WICKSTEED & CO. LTD . KETTERING - ENGLAND 


Telegraphic Address: ‘‘Wicksteed Kettering” 
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here is a man holding the answer 
to his treatin PFOIerns 


5 F 
- 


WEI 0 M 


Cut it to the shape you want— 
it holds together because it is welded together 


He 
LT EAS : 
“ie 


inti 
na 


eS | 


Regd. Trade Mark 


RAI ES « 


Weldmesh is a registered trade mark and is supplied direct to users by the sole manufacturers 


THE B.R.C. ENGINEERING COMPANY, STAFFORD 


London, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 
Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W./ 


~~ 
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Drop forgings for Helicopter 











Gears and other transmission 
components must be to A.I.D. 
Class 1 requirements. Their 
production can be carried out 


confidently only by 


forgemasters whose knowledge 
and experience are such that 
they are able to recognise 

the technical difficulties. 


Consult Firth-Derihon and know 
that the problems likely to 
arise in production will be met 


by the leaders in this 
specialised field. 





drop forgings tu: 
helicopter gears 


The main gear wheel and hub 
assembly of the Bristol Type 192 
twin-engined, tandem-rotor 
helicopter being measured to an 
accuracy of ‘0001. Reproduced by 
courtesy of Bristol Aircraft Ltd. 








A view of the *‘Wasp”’ turbine 
powered helicopter by courtesy of 
Westland Aircraft Ltd. 





FIRTH - DERTHO 


SHEFPIELD & DARLEY DALE 


THE FIRTH-DERIHON STAMPINGS' LIMITED, SHEFFIELD 


— — 
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Control gear 
planned precisely 


for every industry and every purpose 


AEI offers tailor-made control gear* for every industrial 
application, and provides a complete engineering advisory service. 
*and motors too 


Write for further information to : 


Associated Electrical Industries Limited 


Motor and Control Gear Division 
RUGBY & MANCHESTER, ENGLAND 





INCORPORATING THE MOTOR AND CONTROL GEAR INTERESTS OF BTH ANDM-V Vi 


AS482 
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for 1OO per cent 


accuracy A 


in making form tool cutters of all 
types. We have overa century of 
experience in precision engineer- 
ing and non-standard flat and 
spherical form cutters are our 
speciality. 

Look for Chatwin. The name for 
a guarantee in precision and 
accuracy. 

Write for a copy of the 


Chatwin Small Tools 
Catalogue. 


Thomas Chatwin & Co. 
Great Tindal Street 
Birmingham 16 

Phone: Edgbaston 3521 


London Office: 25 Hanover Sq., W.1 
‘Phone: MAY fair 8783 








Area Sales Offices in Bristol, 
Manchester & Newcastle-on- 
THOMAS CHATWAIN & CO. Tyne. 











Z E IS S OPTICAL DIVIDING HEAD 130 


The Model 130 Dividing Head is a precision instrument 





tr 


enabling circular pitches to be obtained with a high F 
degree of accuracy. Not only is this equipment par- I 
ticularly required for the machine shop in the process 


of milling and grinding index plates, etc., but is a great 
asset to the inspection department in checking pro- 
tractors, levels, cams and camshafts, etc. 

A preselector attachment enables the operator to set the 
minutes and seconds for the angle required for the next 
operation while another machining operation is being 
performed. 


SPECIAL FEATURES : 


e 90° tilt @ Scale reads to 10 secs. Estimation possible to 

secs. @ 2 alternative large base plates giving distance between 
centres of 2’ 6” or S’ 4 e Camshaft testing attachment 
available 


‘ 


Please write for details to; 
C. Z. Scientific Instruments Ltd. 


12a Golden Square, London, W1 
Tel.: GERrard 4488 
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special “‘thin-flash” type for grille moulding 


a 


Beetle D.M.C. is the material used for the grille of the Morphy- 
Richards Fan Heater because it offers high heat resistance and good 
appearance. The use of D.M.C. posed a flash-removal problem in 
relation to the many apertures, as the moulders, Cry stalate 
(Mouldings) I.td., specified a very thin flash line. Accordingly, B.1.P. 
Chemicals Ltd. developed a special type of material (D.M.C. L.1834) 
which, in combination with a tool made to close limits, ensures a 
consistently thin and easily removed flash. 


Bectle D.M.C. combines heat resistance with strength, dimensional 





stability and excellent insulation properties. The development of a 


special type for a single application typities the extent of B.L.P. 








services in relation to individual problems and requirements. 


Heat resistance, dimensional stability, strength and electrical 
insulation properties are among the features making D.M.C. 


BEETLE* aia 
Polyester Gough rmoulding Compound 


B.1.P. Chemicals Limited, Oldbury, Birmingham. Phone BROadwell 2061 
London Office: Haymarket House, 28 Haymarket, S.W.1. Phone TRAfalgar 3121 











Horizontals 


Do the job Better and Faster 


S€ AMPLE POWER 


WIDE SPEED & FEED 
RANGE 


QE SIMPLIFIED CONTROLS 


In the well-equipped works of 
Herbert Morris Ltd. 
Loughborough, this CUNLIFFE & 
GROOM horizontal shows to 
advantage on the milling of wheel 
shafts. 


These machines, with their 
massive rigidity and ample power, 
are capable of real ‘hogging’ or 
carrying out light finishing with 
the utmost precision. 


We will gladly tell you the full 


story. 


Please write for catalogues. 


Works: 
BLACKPOLE WORKS - WORCESTER 


Telephone No. Worcester 27081 (6 lines) 


50 


CUNLIFFE & GROOM | 





JAMES ARCHDALE @ €@ Gap 


LEDSAM ST. BIRMINGHAM 16 - Te/: EDGbaston 2276 
A MEMBER OF THE STAVELEY COAL & IRON CO LTD GROUP 


Sole Agents: ALFRED HERBERT - COVENTRY : Te/: 89221 
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Holroyd “Top Hat’ 
holds the shaft steady 
while you stir things up 


Its full name is Agitator-type-Worm-Speed- 



















Reducer-W ith-Extended-Top-Bearing and it is 

particularly useful in the chemical and 
allied industries for mixer and stirrer drives. 
The extension of the top bearing within the gear box 
gives the shaft extra rigidity for the mounting of 
propellers, mixing blades, or fans. The output shaft 
can be of any length and project either up or down. 
There is a special sealing arrangement on the 
underside of the box which prevents oil leakage 


when the shaft projects downwards. 


Holroyd 























JOHN HOLROYD & CO. LTD. MILNROW LANCASHIRE 
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JIB CRANES HAND OPERATED CRANES Z HAND PULLEY BLOCKS yj 
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The range of Wharton products 
extends from hand pulley blocks 
of $ ton capacity, electric chain 





blocks, electric hoists, and over- 


WN 


WY gl Ww 


’ 


head hand-operated cranes to 
overhead electric cranes of up to 






200 tons capacity. 





Our general catalogue illustrates r grin 


tional 
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\\ 


the full range of equipment, and 





OVERHEAD CRANES SHIPS ENGINE ROOM CRANES 
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hg THE <WHARTON CRANE & HOIST CO. LTD. 


REDDISH STOCKPORT ENGLAND 


Phone : Samee Moor a. Grams : ** Gallant, Manchester."’ Code Western Union 




















NDON Ho wc Phone Chancery 7911 Grams Chancery 7911 
CO TLAN NO 2 and rn JORTHER? 4 n COUR safies Bordon Bax ter & Co “% 25 Biythswood Square, Glasgow C. 2 Phone Central 6917/8 Grams Gorbaxco, Glasgo: 
MIDLANDS: A. R. Holland & S 89 Cornwall Stree ming’ Phone Central 1457 Grams Central 145 7. ‘Birmin ngham 
SOUTH-WEST: RC Coll lins oe Westbo ne “sore Pe narth, G rol Phone. Penarth $8527 Grams Pi 
NORTHERN IRELAND General Engineering Products Ltd . 7.9 Great Patrick Street, Belfast Phone Belfast 23743 Grams. Gelfast 2743 
REPUBLIC of IRELAND: Charles Nolan & Co 2 2 Par rker oad bien Phone Dublin 93510 Grams Dublin 93510 
CANADA. Marshall Equ ee, te an PO. Box 28. 61 O’Connel! Av al S Phone Melrose 1-3528 Grams: Marauipco, Montreal 
ee Russell L West Fifth Aw ‘77 he cana ad 9 _ c Grams: & sf 
ay ind “he Well Fore reet. " Pee. Manito! fhene a 37-187-188-189, Grams; Mandem, 
SOUTH AFRICA” Ken meth Ray Ltd, PO Box 5662. 34 "porn Street “* aamfontein, Johannesburg Pho Grams Gemray 






REPRESENTED IN PRINCIPAL COUNTRIES THROUGHOUT THE WORLD 
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VERSAL GRINDING MACHINE 


ly sturdy and versatile, Keighley K.U. fully 
usal grinders have an unsurpassed reputation for 
ity and reliability. The basic machines are 
igned for external, internal, face and 
r grinding while a comprehensive range of 
itional equipment considerably augments their 
ibility for small or medium size batch production. 
construction asures long life and design features 
maximum production economy combined with 
xcelled accuracy and finish of components. 


oducts of 


IGHLEY GRINDERS (MT) LTD KEIGHLEY YORKS 


full details on request to: 


NEWALL GROUP 


PETERBOROUGH PHONE 3227-8-9 





22 MODELS AVAILABLE 


capacities: 1'2” x 24” to 24” x 96” 


size range: 


STANDARD 
12” x 24” to 12” x 60 


MEDIUM HEAVY 
16” x 24” to 16” x 60” 


HEAVY DUTY 
18” x 24” to 18” x 96” 
24” x 24” to 24° x 96 


SALES LTD 


KEIGHLEY PHONE 4294-5 



















WELDED 


/ PRESSURE VESSELS 


in STAINLESS STEEL, MONEL, TITANIUM, 
HEAVY ALUMINIUM AND MILD STEEL 













~~ 
THE SIGH OF 
6000 WELDING 






We offer a production potential 
second to none for the fabrication of fi 
welded pressure vessels of any size 
or intricacy of design. We utilise the I 
most advanced welding and inspection 
control methods and our experience 


is one hundred years young. f 


Welded fabrication and fusion-welded 
pressure vessels to the requirements 
of Lloyds Class 1, A.S.M.E., A.O.T.C. 


codes and similar specifications. 


Stainless steel sphere, 2’ 8’ diameter, welded to 
Lloyds Class 1 in }" plate. 


JENKIN S of Rotherham 


ROBERT JENKINS & CO. LIMITED, ROTHERHAM 


Telephone 4201-6 (6 lines) 
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available in many sizes 



















VARLEY DOUBLE 
HELICAL GEAR PUMPS 


will pump efficiently 
in any position 
up to 100 gal./min. 
up to 500 p.s.i. 
Self-priming ... will pump 
fluids from petrol 
to heavy oils .. . used for flood 
and forced lubrication, oil 
fuel transfer, coolant feed, 
hydraulic control, etc. ... 


and any form of drive. 


Yours faithfully 
VARLEY FMC LIMITED 


Subsidiary of Food Machinery and Chemical Corp. U.S.A. 


FERRY LANE BRENTFORD MIDDX + PHONE: ISLEWORTH 3922 (6 lines) 


GRAMS: PARACYCLIC BRENTFORD TELEX 
P.2306 
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Are YOU concernec 


SPEED and \SPACE ? 


GEARING UP or GEARING DOWN 


for INDUSTRIAL and MARINE applications . . 


A\ILILIEN - sroECKICHT 
EPICYCLIC GEARING 


The most compact speed-reducing or speed-increasing arrange- 
ment for all types of prime movers and or driven machinery 


Flcase address all enquiries oa gearing to ATLAS WORKS, PERSHORE, Worcs. 
Telephone: Pershore 110 Telex No 33288 


=A aE OWA BER!) OM Os EL BEDFORD 
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Top Pinch Roll Drive on the No. 2 Coiler, which 
coils steel strip leaving the Hot Strip Mill at 
the Abbey Works of The Steel Company of Wales Ltd. 
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Wau known in the Automotive and 
Railway Industries, Hardy Spicer are now 
supplying propeller shafts and universal 
joints in increasing quantities for other 
engineering applications. Typical of 
these are the drive shafts and universal 
joints used at The Steel Company of 

~ . Bi as Wales Ltd. Hardy Spicer’s wide 
PE | shine adven Works of The Stel Company of Wales Ltd experience ensures the highest standards 
of design and performance. Please write 
a for further details and illustrated leaflets. 


'| HARDY SPICER nee 


ery PROPELLER SHAFTS tite 
Birtield 
rcs. Group 


HARDY SPICER LIMITED 





j 





| | 
D CHESTER ROAD +: ERDINGTON - BIRMINGHAM 24 - TELEPHONE: ERDINGTON 2191 (18 LINES) 
Engineering Division of BIRFIELD INDUSTRIES LIMITED 
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Steel Hacksaw Blades offer 
















exceptional wear-resistance il 
in cutting hard and tough 
materials such as Nickel- ri 


Chrome Steels, Stainless Steels, 





Tool and Gauge Steels 


with 








Hacksaw Blades. 


Write for your copy of our 
new helpful booklet ** What 
you should know about 
Hacksaw Blades’”’ 

and see how you can effectively 
improve production and 
reduce machining costs 

by using KERAUNOS High 
Speed and PAX Low 

Tungsten Hacksaw 

Blades 


SANDERSON BROTHERS AND NEWBOULD LIMITED 
Attercliffe Steelworks, P.O. Box 6, Newhall Road, Sheffield 9 
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Makers of scientific instruments since 1856 


Make an instrumental note... 


— 

that if you have anything to analyse, to measure, 

inspect, or survey, the people to help you are Hilger & Watts. 
Autocollimators, Block Levels and Clinometers, Circular 

Division and Angle Measuring Instruments, Dividing Engines, 

Linear Measuring Machines, Microscopes, Gauge Interferometers, 

Optical Flats, Angle Gauges, Polygons, Ete., Seales and Circles, 


Projectors, Analytical Instruments, Surveying Instruments. 


HILGER AND WATTS LTD: 98 ST PANCRAS WAY - LONDON - NW1 


HILGER & WATTS LTD., DORTMUNDE HURDE, GERMANY 


HILGER & WATTS INC., CHICAGO 5 
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is your pet a 





SM B6192 





Do you long for your pet product to have the true 
pedigree character of a case-hardened type 
hardwearing exterior supported by interior fortitude 
to withstand the buffetings of this workaday world ? 
This ideal character is formed in Birlec gas 
carburising and carbo-nitriding furnaces—there are 
many of them carrying important case-hardening 
responsibilities throughout the engineering industries. 
Birlec pit-type and sealed-quench furnaces for batch 
working and pusher furnaces for continuous production 
may be electrically heated or gas fired, arranged for 
simple carbon-potential control and equipped for 
appropriate diffusion and quenching procedures. 


Ask your pet typist to send for Publication No. 304. 


AEI-Birlec Limited 


Tyburn Road, Erdington, Birmingham 24 


Telephone: East 1544 Telex No: 334717 


LONDON - SHEFFIELD - NEWCASTLE-ON-TYNE - GLASGOW - CARDIFF 
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@ RADAR SYSTEM 
EXTREME RESOLUTION 
A new radar system is claimed 
to be of such sharpness that it can 
track people walking or outline 
aircraft and ships, so that general 


WITH 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





types can be identified. This has 
been made possible by the development of a new 
magnetron tube. This tube and the radar 
system designed around it can be expected 
appreciably to improve safety and ease naviga- 
tion in harbours and rivers and other heavy- 
traffic locations where extreme resolutions at 
close distances, up to five miles, are required. 
The outstanding feature of the new magnet- 
ron is its extremely short pulses of 0-02 micro- 
second. In practice, this means that two 
objects, one directly behind the other and as 
close as 45 yards, will appear on the radarscope 
as two objects, whereas, with conventional radar 
sets, these two objects would appear as only one 
on the screen. Because its pulse length is so 
short, the set will distinguish objects to within 
afew yards of the radar transmitter. In conven- 
tional radar systems, a large area immediately 
surrounding the radar set is a dead zone. This 
is an extreme drawback when working in close 
quarters such as rivers and harbours. However, 
ifa radar system of the new type is mounted on 
a ship, the shape of the ship itself will be visible 
on the radarscope. The set operates at the 
extremely high frequency of about 35,000 Mes, 
at which frequency the radar pulse can be 
shaped in a beam only 0-3 deg. wide. This 
means that, at a distance of 1000 yards, objects 
as narrow as 44 yards will either be defined or 
distinguished in great detail, depending on size. 
The combination of high frequency with proper 
antenna and extremely short pulse length means 
that a system of this type will resolve down to 
4} yards both in bearing and range. 


From Marine Engineering/Log, U.S.A., 
June 1960, pp. 116 and 118. 


@ NON-METALLIC-DISPERSIONS IN SINTERED 

CHROMIUM-COBALT ALLOYS 

Investigations with sintered cobalt have 
shown that the mechanical properties of cobalt 
are markedly affected by the addition of even 
small amounts of finely dispersed non-metallic 
substances. It was therefore decided to investi- 
gate the effect of non-metallic dispersions in 
chromium-cobalt alloys, since these alloys are 
well known for their outstanding high-tempera- 
ture properties. 

In the course of these investigations it was 
found to be advantageous to start with 50/50 
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chromium-cobalt alloy powder and to add to it 
cobalt powder in the proportion required to 
obtain a product of the desired composition. 
In contrast with earlier studies by other 
research workers, it was found possible to 
produce sintered alloys with a high carbide 
content and almost theoretical density. This 
can be attributed mainly to improvements 
in the pretreatment of the powder mixtures. 
The powder batches were ground in an air-tight 
evacuated ball mill, in which the powder was 
impregnated with methyl alcohol after evacuation 
of the mill, the material to be ground thus being 
surrounded by methyl alcohol vapour. In this 
way, intense grinding was made possible, result- 
ing in a powder of high activity. The oxygen 
content of the powder was sufficient to allow 
the formation of oxides. 

The high tensile strength (up to 100 kg /mm2) 
obtained at room temperature is probably due 
both to finely dispersed oxides and to non- 
equilibrium structures (incomplete diffusion 
during sintering). Additions of niobium carbide 
and titanium nitride, as well as of iron and 
nickel, improve the creep strength of 30/70 
chromium-cobalt alloys, while the carbon 
content greatly affects creep behaviour. At 
760° C, under a load of 12 kg/mm2, sintered 
alloys exhibited a creep resistance similar to 
that of cast alloys. 


From Cobalt, Belgium, 
June 1960, pp. 13-2 


@ METHOD OF INCREASING THE DENSITY OF 

METAL POWDERS BEFORE COMPACTING 

A recently patented process is concerned 
with methods of increasing the density of very 
fine powders in order to avoid the difficulties 
normally encountered when large volume reduc- 
tions are required for making compacts for 
subsequent heat treatment. These difficulties 
are especially pronounced in the case of 
oxidized aluminium powders which are com- 
posed of lamellar particles or flakes with a 
thickness of less than 5 microns. As a rule, 
metallic particles are capable of welding 


together merely by compression but, in the case 
of particles covered with a superficial film, mere 
compression only produces agglomeration. It 
has been found that the strength of such 
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agglomeration can be increased by deformation, 
producing local breakages of the superficial 
films and corresponding bonds of the cold- 
welding type between the particles. The sinter- 
ing mechanism proper is thus started. The 
importance of the deformation, i.e., the expan- 
sion of the surfaces of every particle, has a 
decisive influence on the possibility of sub- 
sequent transformation of the product and also 
on its properties. With a rough material which 
has been prewelded, the facility of subsequent 
deformation of the material by extrusion, 
rolling, or the like, in the hot or cold state, is 
increased. The compression or deformation 
may be performed in a continuous process. 
For instance, the powders to be treated can be 
passed through the gap between two rollers, 
which are driven at slightly different speeds, so 
that, in effect, the powder is subjected to 
shearing stresses. With such a device it was 
found possible to increase the apparent density 
of lamellar aluminium powder from 0-45 to 
between 0-75 and 1-0, this product being a 
mixture of scales a few millimetres in length 
and some tenths of a millimetre in thickness, 
with finer particles. 
From Brit. Pat. Spec. 833,262. 
Commissariat a l’Energie Atomique, Paris. 


@ METHOD OF GROWING SINGLE CRYSTALS 
OF GALLIUM PHOSPHIDE 


Gallium phosphide is a transparent material, 
which lends itself to the visual observation of 
the differences which take place in semicon- 
ductors under varying conditions of doping and 
electron density. Gallium phosphide belongs 
to the family of semiconductors known as 
group III-V compounds, which are composed of 
elements taken from each of the II] and V groups 
of the periodic table. Knowledge gained in 
studying this material should be applicable to 
other members of this group, some of which are 
already known to exhibit interesting properties. 
These include gallium arsenide and indium anti- 
monide, which have shown promise in such 
devices as point-contact and Esaki diodes. 

Although the semiconducting properties of 
gallium phosphide have been known for some 
years, pure samples have been very difficult to 
prepare, one of the main difficulties being that 
the material decomposes at temperatures near 
its melting point, unless it is held under gaseous 
phosphorus at a high pressure. In an effort to 
Overcome these difficulties, recent research is 
reported to be aimed at the production of single 
crystals of gallium phosphide by the floating- 
zone melting technique, using specially developed 
equipment capable of withstanding the high 
pressure of gaseous phosphorus required. In 
the experimental equipment evolved, an ingot 
of gallium phosphide is enclosed in a sealed 
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quartz tube, which is encased in a steel pressure 
chamber equipped with viewing ports. At the 
temperature and pressure ranges involved, i.e., 
1450 to 1500°C and 10 to 30 atm, the walls of 
the quartz tube tend to fog over, making visual 
observation of the molten zone difficult, but this 
can be overcome to a large extent by heating 
the walls of the apparatus to above 950°C. 
It is reported that, with this method, single 
crystals, about 7 in. long and 4 in. square, can 
be grown. 


From News from Bell Telephone Laboratories, U.S.A., 
May 3, 1960, 


@ VALVE ACTUATOR USING TWO ELECTRIC 
MOTORS 


Capable of supplying the high force, high 
response, and linear motion needed to operate 
conventional non-rotating process flow-control 
valves, and especially suitable for use in all- 
electric instrumentation systems, a new thruster 
type of actuator utilizes two variable-speed elec- 
tric motors mounted on the same axis and 
provided with separate hollow-centre shafts. A 
third shaft is supported in these two hollow 
shafts by providing one shaft with screw threads 
and the other with a spline. If the centre shaft 
is rotated with respect to the motor shaft with 
screw threads, it will move laterally to the right 
or left, depending on the direction of rotation, 
while the motor with the splined shaft will rotate 
with the centre shaft, which can displace through 
it either to the right or to the left. The rotating 
centre shaft is connected to the device to be 
actuated by means of an anti-friction bearing. 

If the two electric motors operate at identical 
speeds, the centre shaft rotates at the same 
speed, but without lateral movement. If, how- 
ever, the speed of one motor is not the same as 
that of the other, the centre shaft moves one way 
or the other as the screw threads on one motor 
shaft displace those on the centre shaft. The 
thrusting or pulling force developed is a function 
of the difference in the torques of the two motors 
at each given speed. Although torque char- 
acteristics for various types of motor differ, it 
can be stated generally that, when one of these 
two motors is operating at, say, 1750 rpm, it 
will drive the other motor at approximately the 
same speed, even though the second motor is 
designed to run at a much slower speed. The 
slower-speed motor consequently acts as a 
generator, and its resistance, or reverse torque, 
opposes that of the higher-speed motor. 
Furthermore, it should be noted that many 
variations in motor types can be used with this 
actuator. For example, the motor with the 
splined shaft could be a synchronous motor, and 
the motor with the screw threads on the shaft a 
variable-speed universal or d.c. motor; alterna- 
tively, both motors could be two-speed, single- 
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or three-phase induction motors, while the use of 
two variable-speed a.c. or d.c. motors could 
provide wide variations in speed. 

The efficiency of the actuator naturally de- 
pends on the type of splines and screw thread 
used. Thus, for instance, if a ball-bearing spline 
and ball-bearing screw are used, it is claimed 
that an efficiency of over 90° can be obtained. 


From Control Engineering, U.S.A., 
June 1960, page 141. 


@ MAGNETOHYDRODY NAMIC EFFECTS ON 

HEAT TRANSFER 

Considerable interest has recently been shown 
with regard to forced-convection heat transfer 
involving electrically conductive fluids in the 
presence of magnetic fields, the primary interest 
being the prospect of reducing aerodynamic heat 
transfer. Recently, Rossow considered a fluid 
with a Prandtl number of unity flowing across 
a plate, for which a magnetic field of constant 
inductance acts normal to the _ free-stream 
velocity. The magnetic field was considered 
fixed relative to the plate or relative to the fluid, 
and solutions were obtained for the plate tem- 
perature equal to the free-stream temperature 
and for an adiabatic plate. Although the fluids 
of most common concern have been conducting 
gases, it is not hard to envisage practical heat- 
transfer problems involving other types of elec- 
trically conductive fluids, such as salt water or 
liquid metals. The purpose of a recent investiga- 
tion is therefore to extend certain of Rossow’s 
results for laminar flow across a plate to include 
more general boundary conditions on the plate, 
as well as more general types of fluids. 

In this investigation, the magnetic field is 
considered to be fixed relative to the plate and 
to act normal to the free-stream velocity with 
constant magnetic inductance. It is also con- 
sidered that the plate surface has either a con- 
stant temperature or constant heat flux. 


Solutions have been obtained for the cases of 


fluids having a Prandtl number of unity, for 
which both Joule heating and frictional heating 
are taken into account, and also for fluids having 
moderate and large Prandtl numbers for 
negligible Joule and frictional heating. 


From Trans. ASME, Journal of Heat Transfer, U.S.A., 
May 1960, pp. 87-93. 


@ THE EFFECT OF COLD-DRAWING ON 
HYDROGEN BEHAVIOUR IN STEEL 


It has been established that environmental 


conditions have a marked effect on the rate of 


hydrogen desorption from steel. Oxidizing 
agents actually hinder the desorption process, 
whereas immersion of steel in water at 38°C 
results in the highest desorption rate of hydrogen 
from steel. For environments containing appre- 
ciable moisture a second-order rate law applies, 
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and for environments containing extremely low 
amounts of moisture a first-order rate law 
applies. The time required for hydrogen desorp- 
tion from steel in a dry environment is signifi- 
cantly longer than the time required when steel 
is immersed in water, a sequence of surface re- 
actions possibly accounting for this catalytic 
effect of water. The fact that such large differ- 
ences in hydrogen desorption rate exist shows 
that surface reactions determine this rate; thus, 
the control of environment is essential. 

Because of the practical importance of ob- 
taining quantitative information on hydrogen 
behaviour in steel, a recent investigation con- 
cerns the influence of cold work on the absorp- 
tion rate of hydrogen into, the solubility level of 
hydrogen in, and the desorption rate of hydrogen 
from cold-drawn bars of capped and of killed 
SAE 1020 steel. For this purpose, hydrogen 
absorption by and the desorption rate of 
hydrogen from the steel have been studied as a 
function of cold work from 0 to 55-4°% reduc- 
tion. It has been found that, following acid 
pickling, increased cold work increases hyd- 
rogen solubility, while hydrogen desorption rate 
increases with increasing cold work until a 
maximum is reached at some point below 30-5 % 
reduction; with a further reduction, the desorp- 
tion rate decreases. 


From Corrosion, U.S.A., 
May 1960, pp. 123-127. 


@ TRANSISTORIZED IGNITION SYSTEMS 

A high-voltage transistorized ignition system 
has been designed which can be used inter- 
changeably with conventional induction coils. 
Using a slow coil (high-tension transformer), its 
features are that the voltage output is relatively 
flat throughout the speed range, that contact 
current is reduced, giving unlimited electrical 
life and reliability of contacts, and that its 
performance under fouling conditions is at 
least equal to that of induction coils. Moreover, 
by appropriate changes in system parameters, 
the voltage ceiling can be raised to provide for 
any possible future designs of engines. 

The principle of operation of the system is 
based on the ability of transistors to amplify 
current. When the contacts close, a small 
current flowing through the emitter-base circuit 
switches on the transistor, permitting a larger 
current to flow through the emitter-collector, 
the current gain or amplification factor being a 
function of the transistor itself. A typical 
amplification factor is 30:1, with a contact 
current of about 0-25 A and a transistor or 
system current of about 7-5 A. The relatively 
flat output voltage obtained is due to the rapid 
rise in current to the design value, owing to the 
comparatively low primary inductance. The 


coil package is rugged and can be located in 
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ambient temperatures up to 350° F, while a 
separate transistor heat sink permits location in 
areas where ambient temperatures do not exceed 
180° F. The system, which is adequate for 
starting with battery voltages of 6 V in a 12-V 
system, is designed for negative earthing and is 
protected against inadvertent reversal of primary 
polarity. 

While it is true that the cost of the new 
system is inevitably higher than that of the coil 
and condenser it replaces, there are, however, 
certain commercial applications which may well 
justify the added cost when overall system 
reliability and long life are prime economic 
factors, such as in stationary engines providing 
pumping or stand-by power for central electri- 
city plant, and in engines for irrigation pumps, 
heat pumps, and air-conditioning units. In 
addition, it may also find application in certain 
agricultural equipment. 


From SAE Journal, U.S.A., 
May 1960, pp. 46-51. 


@ TEMPERATURE SENSING BY NUCLEAR 

RESONANCE 

A temperature-sensing system employing 
nuclear resonance spectra in solids maintains 
calibration as long as the electronics portion of 
the instrument remains in service. The spectra 
used are nuclear quadrupole resonance radio- 
frequency absorption lines whose frequencies 
decrease smoothly with temperature. The 
temperature-frequency relation is determined by 
the molecular properties of the compound used 
as a temperature probe. Thus, the relation is 
essentially fixed at all times. An electronic 
spectrometer seeks out the nuclear quadrupole 
resonance frequency and transmits it, frequency 
measurements being made at the monitoring 
station, while ensuring that conversion to 
temperature is reliable. 

The spectrometer is designed for resonances 
of C135, which lie in the band of roughly 20-40 
Mes for a convenient class of compounds. The 
particular probe compound chosen determines 
the narrower region within this band in which the 
resonance will lie. Different molecular struc- 
tures result in somewhat different electron 
distributions on the chlorine atoms. An 
excellent choice for a probe material seems to be 
potassium chlorate. This compound is stable, 
has a simple singlet spectrum, and its line 
width is narrow relative to the rate of change of 
nuclear quadrupole resonance frequency with 
temperature. For this compound, the resonance 
frequency is 28-2134 Mes, the line width is 
500 cps, and the temperature dependence is 
approximately —4-8 kcs per degree, at 0° C. 
The particular instrument developed is intended 
for measurements which are accurate to a few 
tenths of a degree. More elaborate equipment 
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has been used for laboratory purposes to attain 
a precision of a few thousandths of a degree. 
The equipment should prove invaluable where 
long-term measurements at an inaccessible spot 
are required, such as unmanned weather stations 
or stations on the ocean floor. 


From Electronics, U.S.A., 
July 8, 1960, pp. 52-54. 


@ MINIATURIZED THICKNESS GAUGE FOR 

SMALL-BORE TUBES 

In the production of gun barrels, coating 
thickness has hitherto been determined and 
controlled by measuring the bore diameter before 
and after plating. A drawback of this method is 
that, if the plating anode is not concentric with 
the bore, the plating thickness is non-uniform, 
since thickness variations are not revealed by 
measurement of changes in the bore diameter. 
It has therefore become necessary to develop a 
method for measuring plate thickness locally, 
since available gauges are either not readily 
adaptable for routine inspection or cannot be 
satisfactorily miniaturized. 

In the new device, which is of the eddy- 
current type, a probe coil, in parallel with a 
tuning capacitance, forms one arm of a bridge. 
The alternating current in this coil, when placed 
in contact with the coating, induces an eddy 
current in it, and this current, which depends 
on the thickness of the coating, is measured 
indirectly through the effect of its magnetic 
field, which opposes that of the inducing 
current. The opposition of the two fields 
lowers the impedance of the probe coil, which, 
in practice, need not be determined. A micro- 
ammeter indicates the degree of unbalance of 
the bridge which, with other factors constant, 
depends on the thickness of the coating. The 
resulting readings are calibrated in terms of 
thickness with known thickness samples. 

The new gauge is stated to be suitable for 
the accurate measurement of coating thickness 
inside small tubes ranging from 0-3 to 0-5 in. 
i.d. While primarily designed for measuring 
chromium plating in the bores of small gun 
barrels, it can also be adapted for determining 
the thickness of chromium or other coating 
materials on the interior of any small tubing. 


From National Bureau of Standards, Technical News Bulletin, 
U.S.A., May 1960, pp. 78-79. 





Readers desiring further information on any 
developments reported in THE BLUE PAGES 
are invited to write to the Editor. Copies of the 
full specifications of any British patents men- 
tioned, which are published by courtesy of H.M. 
Stationery Office, should be obtained from the 
Patent Office, 25 Southampton Buildings, 
Chancery Lane, London, W.C.2. Price 3s. 6d. each, 
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Welding Tantalum for High-Temperature Systems 


By S. M. SILversTeIn, J. N. ANTONEVICH, R. P. SOPHER, and P. J. RIEPPEL 


TANTALUM is attracting considerable attention as a 
heat-exchanger material for use with nuclear reactors 
because of its potential high-temperature properties and 
corrosion resistance. However, although tantalum 
assemblies for high-temperature applications have been 
welded previously, these assemblies have not required the 
properties and soundness needed in weld joints in nuclear- 
reactor components. For this reason, the Los Alamos 
Scientific Laboratory sponsored at the Battelle Memorial 
Institute in 1956 a programme of work directed towards 
the fabrication of small tantalum heat exchangers 
designed to conserve tantalum, but to simulate as much 
as possible the welding stresses which would be 
encountered in fabricating a full-scale model. Joining 
techniques were confined to tungsten-electrode arc- 
welding because this process had proved satisfactory for 
joining high-temperature components. 

Basically, the heat exchanger consists of a cylindrical 
shell, 1 in. in diameter and } in. in length, with a wall 
thickness of 0-030 in. The shell is capped at both ends 
with headers of 0-020 in. thickness. Running longitudin- 
ally through the interior of the shell and welded to the 
headers is a number of tubes, each jj in. in diameter 
and made of 0-015-in. sheet, welded to each header in a 
hexagonal array, with a minimum spacing of in. 
between tubes. 

Tube-to-header welds were made with equipment 
which rotates a welding torch over the stationary work, 
acompound vice being used to index the work under the 
torch. The entire assembly is contained within a 
controlled argon-atmosphere chamber. Straight-polarity 
direct current of from 25 to 30 amperes and 10 to 12 arc 
volts, with a superimposed high-frequency arc, was 
employed for welding, the spacing between the j,-in. 
tungsten electrode and the work ranging between 0-050 
and 0:075 in. Welding speeds were from 12 to 15 ipm, 
and argon flow was maintained at 15 cfh through the 
welding torch and 20 cfh into the chamber. 

During the investigation, two major problems associ- 
ated with the arc welding of commercial tantalum became 
apparent, i.e., weld porosity in some lots, and large 
grains in the cast structure of arc-weld deposits. Several 
of the miniature heat exchangers fabricated in this 
manner were found to be leak-free when checked 
with a mass-spectrograph helium leak detector. Good 
quality was not consistent, however, and welds made on 
some heat exchangers fabricated from either arc-cast or 
sintered tantalum exhibited gross porosity. It was also 
found that the grains of the arc welds extended through 
the entire thickness of the sheet material. Grains of this 
size might reduce the strength, ductility, and, more 
important, the corrosion resistance of a welded joint. 
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From Metal Progress, U.S.A.., 
Vol. 77, No. 6, June 1960, 
pp. 103-109, 6 illustrations. 


Comparisons of porous and sound welds showed that 
porosity occurs typically in the weld adjacent to the 
heat-affected zone. The material in which gross porosity 
occurred during welding was considered to be unweldable. 
Metallographic examination showed that most unweld- 
able material had discontinuities or inclusions in the 
sheet stock, whereas weldable tantalum did not have 
them. Nevertheless, it should be noted that some 
tantalum which was free from these inclusions also proved 
unweldable. 

The type of inert shielding gas had no visible effect on 
the porosity. Both helium and argon were used to weld 
one lot of tantalum which was susceptible to porosity. 
Neither of these gases nor different quantities of them 
reduced the porosity in the weld region. It was also 
demonstrated that the shielding technique was not the 
cause of the problem. Thus, several weld beads were 
made in a dry box on tantalum sheet which was con- 
sistently porous in the weld region when the welds were 
made with inert-gas shielding. The dry box was 
evacuated to 0:2 micron and then repressurized with 
argon gas to atmospheric pressure. The welds made in the 
vacuum-purged chamber also contained gross porosity. 

Cleaning techniques prior to welding were investigated 
as a possible cause of porosity. It was found that, if 
a material was unweldable, no amount of abrading with 
emery cloth, cleaning in acetone, or etching in a bright 
dip (55 parts of 95° H2SOu, 25 parts of 70° HNOs. and 
20 parts of 48 ° HF) would render it weldable. Conversely, 
if a material was not susceptible to weld porosity, it 
remained so even though it was not cleaned prior to 
welding. 

The result of all of these studies indicated that 
porosity was associated in some way with the composition 
of the tantalum. Table I gives the carbon and oxygen 
content of each lot, together with details of Vickers 
hardness under a 1-kg load, and the weldability of each 
material, determined by metallographic or radiographic 
examination. 

These is no relation between the hardness or type of 
material and porosity. However, with the exception of 
the arc-cast tantalum in lot E, whose behaviour could 
not be explained, it was noted that, if the carbon content 
of tantalum was relatively high, the material was weldable. 
An attempt was made to increase the carbon content of 
some low-carbon unweldable specimens by exposure to 
methane gas at elevated temperatures, but, although 
carbon was absorbed on the surface of the tantalum 
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specimens, it did not diffuse through the thickness of the 
sheet. 

Because of this difficulty, tests were carried out to 
determine the effect of arc-melting and carbon content. 
For this purpose, carbon was added to molten tantalum 
during arc-melting, additions of 20, 50, 100, and 200 ppm 
being made to four specimens of an unweldable arc-cast 
(virgin) tantalum (lot H) with an initial carbon content of 
10 ppm. These additions should therefore have given 
carbon contents of 30, 60, 110 and 210 ppm, instead of 
the contents noted in Table I for lots Hz to Hs. A fifth 
specimen (lot Hi), to which no carbon was added, was 
remelted for comparison. These five specimens were 
melted in a tungsten-electrode arc furnace under helium 
at a pressure of 4 atm and then rolled to 0-020-in. sheet. 
Radiographic studies revealed no porosity in any welds 
made on these five arc-melted specimens. On the other 
hand, duplicate welds on the as-received arc-cast material 
were porous. Thus, arc-melting alone can render the 
material weldable. 

To determine why arc-melting improved weldability, 
an analysis was made for oxygen and carbon for both 
weld metal and base material of all the lot-H arc-melted 
specimens. The results of these analyses, together with 
the analysis of the as-received lot-H base material not 
arc-melted, are shown in Table I, and indicate that arc- 
melting of the tantalum (which makes it weldable) reduces 
its oxygen content. In some instances, however, sub- 
sequent welding on these materials increased the oxygen 
content of the weld regions. The oxygen centent of 
welds on these specimens is sometimes increased over 
that of as-received tantalum which has not been arc- 
melted. In some instances, the oxygen content is higher 
than that of the original unweldable metal. The analyses 
also show that the recovery of carbon in the arc-melted 
tantalum was low. In the lot-Hs specimen, for example, 
the planned carbon was 60 ppm, whereas the actual 
content was 20 ppm. 


TaBLe I: TANTALUM WELDABILITY DATA 























Vickers Analysis 
Lot Thickness} Hardness | Weldability [ppm] 
{in.] of Cast teil 
Metal Cc O2 
A 0-030 230 Weldable 110 208 
B 0-040 98 Unweldable 20 40] 
Cc 0-034 236 Weldable 80 448 
D 0-039 105 Unweldable 30 31 
Di 0-039 183 Unweldable —_ 140 
D2 0-039 189 Unweldable _— 280 
Ds 0-039 259 Unweldable — 560 
E 0-020 288 Weldable 20 141 
F 0-030 402 Weldable 190 113 
G 0-025 122 Unweldable 10 39 
H 0-020 107 Unweldable 10 175 
H (weld) _— 141 — 10 167 
1 0-020 107 Weldable 10 62 
H; (weld) “= 132 — 10 360 
2 0-020 91 Weldable 30 108 
He (weld) — 104 _— 10 49 
Hs; 0-020 93 Weldable 20 37 
Hs3 (weld) — 107 _ 50 16 
4 0-020 107 Weldable 20 42 
H, (weld) — — — 100 238 
5 0-020 117 Weldable 60 30 
Hs (weld) — —_ _— 50 129 









































This work showed that porosity-free welds can be 
made on tantalum of low oxygen content (less than 100 
ppm), and is supported by another study made to deter- 
mine the effect of oxygen on weld metal. The results of 
this study, which was made on sintered (reclaimed) 
tantalum (lot D) with an original oxygen content of 
31 ppm, showed that, when the oxygen content was 
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increased to 140,280, and 560 ppm (lots Di to Ds), there 
was a progressive increase in porosity. 

Although it would appear that weld porosity increases 
with an increase in the oxygen content of the base metal, 
it should be understood that a high oxygen content is not 
always detrimental to weldability. Thus, for examples, 
lots A and C in Table I respectively contain 208 and 448 
ppm of oxygen, but sound welds were made on specimens 
from each of these lots. Consequently, it is apparent 
that some other factor enters into the weldability of the 
tantalum, and this factor appears to be the carbon/ 
oxygen ratio. If the oxygen content of the tantalum-base 
material is relatively high (above 100 ppm), the material 
is unweldable; however, if the carbon content of the 
tantalum is also high (above 75 ppm), the material is 
weldable. 

The explanation for the lack of weldability of several 
of the materials with low oxygen contents is not known 
Further studies might give a more complete answer to 
the problem, and these studies should be directed 
towards determining the effects of arc-melting on a series 
of unweldable tantalum specimens. Perhaps a statistical 
study of the effects of arc-melting and of the elements in 
tantalum which are lost or gained through arc-melting 
would help. 


Effects of Ultrasonic Vibrations on Grain Size 

Large grain size is another disadvantage in arc-welded 
tantalum and seems to be limited only by the thickness 
(0-040 in. maximum) of the particular sheet which was 
welded. Such large grains can considerably reduce the 
mechanical properties of a tantalum weld joint. In 
addition, since impure tantalum has proved susceptible 
to intergranular corrosion, a large grain structure would 
offer little resistance to this type of attack. 

A study was therefore made to determine whether 
ultrasonic vibrations, used in conjunction with the arc- 
welding process, would help to prevent excessive grain 
size. Briefly, the technique used consisted of ultra- 
sonically vibrating small sheet specimens (0-5 = 2-75 x 0-03 
in.) in the longitudinal direction during welding. Welds 
were also made in the longitudinal direction. To 
suppress transverse vibration—a problem which caused 
expulsion of the molten weld metal—one end of the 
specimen was twisted and locked in a clamp, thus 
stressing it during vibration. This technique did not 
suppress the longitudinal motion, but proved effective 
only for relatively low vibration amplitudes. There 
seems to be, however, a maximum stress beyond which 
weld-metal expulsion occurs in the weld zone. This 
limiting value seems to be between 14,000 and 17,000 psi 
for these particular specimens. 

The effect of applying ultrasonic vibrations during 
welding is shown in Fig. 1, in which the vibrated specimen 
has a weld grain size of about one-third that of unvibrated 
tantalum. This reduction in grain size was found in 
specimens subjected to an ultrasonically induced stress in 
the vicinity of 17,000 psi. 

The difficulty involved in coupling an_ ultrasonic 
source to a specimen limited the work to simple bead-on- 
plate welds. Thus, the coupling problem may limit the 
application of ultrasonics during welding to relatively 
simple structures. Because of this difficulty, a study 
was initiated to evaluate the effects of ultrasonics on the 
grain refinement of weldments heated to temperatures 
below the melting point of tantalum. Other investigators 
have indicated the possibility of using ultrasonic vibra- 
tions to break up dendritic crystals formed in an alloy 
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solidified without vibration. Conceivably, a tantalum 
assembly could be welded, heated to an elevated tem- 
perature, and subjected to ultrasonic vibrations. Such a 
scheme would be more practical than vibrating during 
welding. Several attempts were made to induce ultra- 
sonic vibrations in welded samples heated to about 
1830° F. The test results were inconclusive because of 
difficulties with mechanical coupling and shielding from 
oxidation. It was believed, however, that the heat- 
affected zone of a weld made during the application of 
ultrasonic energy would typify the condition of applying 
ultrasonics to a tantalum weld joint heated to elevated 
temperatures. 
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Fig. 1. Effect of ultrasonic vibrations on the grain size of welds 

intantalum, showing (top) an unvibrated arc weld, and (bottom) 

an ultrasonically vibrated arc weld. Electrolytically etched ina 
90°, H.SO,, 10°,, HF solution. ( 

Metallographic studies of heat-affected zones showed 
that the etching attack of grain boundaries of specimens 
vibrated during welding was greater than for unvibrated 
specimens. This indicates that grain boundaries of 
vibrated specimens are more highly stressed. As a 
result, ultrasonically vibrated tantalum might be more 
susceptible to intergranular corrosion. 

These studies show that the application of ultrasonic 
energy during welding produces grain refinement in the 
weld metal. However, stressing of the grain boundaries, 
which occurs simultaneously in the heat-affected zone, 
may reduce the corrosion resistance of the weldment. 
Future work might be directed towards developing a 
technique which would give optimum grain refinement 
without adversely affecting the material adjacent to the 
weld deposit. 
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Recommended Welding Procedures 

Arc-welding procedures for joining tantalum are 
well established. Among the important considerations 
Necessary for producing consistently sound leak-tight 


AUGUST, 1960 Volume 21, No. 8 


joints are material selection, cleaning procedure, joint 
alignment, welding atmosphere and shielding techniques, 
and actual joining procedures. 

High-purity tantalum should be selected, because 
welds in this material generally are sound. Arc-melted 
tantalum with a low oxygen content (below 100 ppm) is 
preferred. However, sintered tantalum may also be used, 
if the oxygen content is low. If the oxygen content is 
above 100 ppm, then the carbon content of this material 
should be above 75 ppm. All other impurities should 
be at a minimum. 

Cleaning prior to welding should be thorough. The 
tantalum should be degreased with acetone or some other 
common solvent. If the surface is partially oxidized or 
has a grey scale, it should be abraded lightly with emery 
paper and again degreased. Etching with the bright 
dip mentioned previously removes heavy scale. 

The use of hold-down clamps and back-up bars may 
assist in joint alignment. If these are used, they should 
be placed or machined so that they permit free circulation 
of shielding gas around the weld area. Copper or steel 
aligning clamps and back-up bars can be used. 

Joint designs are similar to those for other metals. If 
butt welds are made in thin tantalum sheet, the edges of 
the material should be in intimate contact with each other. 
If joint fit-up is good, no additional tantalum filler 
material will be required. 

The shielding gas used in this programme was 
welding-grade argon. Some investigators, however, 
prefer helium. Either of these gases, or a combination 
of the two, is acceptable for arc-welding tantalum. The 
weld produced should be bright and shiny on both the 
root and top of the weld. Adequate shielding can be 
obtained by welding in a dry box which has been evacu- 
ated to 1 micron and refilled to atmospheric pressure 
with inert gas. To ensure an inert atmosphere, a small 
piece of scrap tantalum should be welded first. This 
precedure serves as a check to see whether a bright, shiny 
weld bead can be produced in the atmosphere present. 

A chamber, made of lucite or glass and including a 
flexible rubber diaphragm, can be used to obtain adequate 
shielding. The chamber should completely surround the 
part to be welded, or at least all the tantalum material 
which will be heated to elevated temperatures by welding. 
A positive pressure of inert gas should be maintained in 
the chamber prior to, during, and subsequent to welding. 
Purging time will depend on the chamber size, and posi- 
tive gas pressure should be maintained until the weldment 
has reached ambient temperatures. 

Welding should be conducted by the inert-gas 
tungsten-are process, and, if possible, the process should 
be automatic or semi-automatic. Direct-current, 
straight polarity with a superimposed high-frequency arc 
is recommended. The high-frequency characteristic will 
assist in establishing the welding arc without contaminat- 
ing the tantalum with the tungsten electrode. The use of 
thoriated tungsten electrodes is recommended. Current 
and voltage values will depend on the thickness of the 
tantalum to be welded, as well as the welding speed. 
Electrode-to-work distances should be kept as constant 
as possible, since any variation will result in changes in 
weld penetration. Recommended distances are 0-050 
to 0-075 in. for argon. 

These recommendations naturally relate to the types 
of assemblies which were welded during the programme 
described in this paper. Fabricators should establish 
the conditions which would better fit their individual 
applications for tantalum. 
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The Action of a Gaseous Jet on the Free 


Surface of a Liquid 


By F. MATHIEU 


From Revue Universelle des Mines, Belgium, 
Series 9, Vol. 16, No. 7, July 1960, 
pp. 309-321, 21 illustrations. 


INCREASING use is now being made of the process of 
refining pig iron by blowing a jet of oxygen (or a mixture 
of airand oxygen, or oxygen with a suspension of powdered 
lime) over the surface of the molten bath. This has raised 
a number of problems, particularly as regards better 
blowing conditions, and in most cases attempts have 
been made to solve them by trial and error. It was 
therefore decided to investigate the action of a jet of gas 
impinging on a liquid, and, although the results might 
not be fully applicable to industrial processes, it was 
considered that they could provide valuable qualitative 
indications. The investigation was limited to the study 
of the purely mechanical action of the jet, and the 
chemical reactions which occur in the case of molten iron 
were not considered. 


Test Installation 


The schematic arrangement of the test installation is 
shown in Fig. 1, in which compressed air is supplied by a 
compressor (1) at a pressure between 2 and 6 kg cm”, 
depending on the discharge rate required. From the 
tank, the air passes through a reducing valve (2) and 
then flows through a horizontal pipe section (3) of 50 mm 
diameter with a calibrated orifice of 3-946 mm diameter. 
At the end of this pipe, which is fitted with a valve (4), 
the air passes through a flexible plastic tube (5) and the 
injector (6), which has a removable nozzle. A differential 
manometer (7), enables the pressure differences across 
the orifice to be measured. A second manometer (8) 
indicates the pressure ahead of the orifice, while a third 
manometer (9) measures the pressure at the nozzle inlet 
for the determination of the discharge coefficient and also 
serves to provide check readings to indicate any particu- 
larly abnormal operating conditions, such as those due to 
accidental leakage. It is, of course, known that the 
pressure at the nozzle inlet plus the pressure difference 
across the orifice should be substantially equal to the 
pressure ahead of the orifice. 

The discharge rate is kept constant by maintaining 
constant values for the pressure ahead of the orifice and 
the differential pressure, by suitable adjustments of the 
reducing valve (2) and valve (4). The ambient tempera- 
ture and atmospheric pressure were regarded as constant 
in any given test. 

It was found that variations in air-discharge rate 
could be attributed to three factors, i.e., (1) fluctuations 
in the speed of the compressor, causing pressure 
variations in the tank, thus necessitating the use of a 
fairly high pressure in the tank to reduce the effect of 
short-time fluctuations, (2) variations in pressure in the 





Fig. 1. Schematic arrangement 
of the test installation. 
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tank if the relief valve opens, excessive pressure being 
avoided by means of a by-pass valve (10), which allows 
some of the air from the compressor to be discharged to 
the atmosphere, and (3) increases in pressure at the 
nozzle inlet, due to a reaction effect of the liquid surface 
on the jet, and observed when the nozzle was very close 
to the surface. 

The cylindrical test vessel (11) is made of transparent 
plastic and is more or less a model of a converter, 
scaled down in the ratio of | : 20. Two pressure take-offs 
(12) are provided at the bottom of the vessel, one at the 
centre and the other at the periphery, and the axis of the 
vessel is arranged to coincide with the nozzle axis. 

The depth and width of the depression in the free 
surface of the water are measured by means of a theodo- 
lite (13) situated about three metres from the test vessel. 
Preliminary measurements with two graduated scales 
(one placed vertically along the centre-line of the vessel 
and the other along a diameter) enable true readings to be 
determined, taking into account the correction for the 
error due to refraction. The lower portion of the 
injector (6) is provided with graduations and can be 
displaced upwards or downwards on a supporting sleeve 
(14), to indicate the distance between the tip of the nozzle 
and the surface of the water used for these tests. 


Effects of Distance and Discharge Rate 
on the Movement of Liquid 


Two types ot nozzles were used, of the types shown 
in Fig. 2. The flat nozzle was, however, found unsuitable, 
because the spray formed slightly above the water cannot 
move away freely and is then apt to modify the shape of 
the depression. 

The jet spreads out gradually from the nozzle and 
forms a cone with an apex angle of about 16 deg. Curves 
of dynamic pressure distribution at various distances 
from the nozzle are also shown in Fig. 2, and the probable 
shape of the depression in the water can be easily 
deduced from these curves. At a constant discharge rate, 
the depression is fairly shallow if the nozzle is very far 
from the surface; it becomes deeper when the nozzle is 
brought closer, and spray is formed at a short distance 
from the surface. 

Moreover, Owing to contact with the surface of the 
liquid, the air is deflected laterally towards the wall of the 
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test vessel, and is then deflected backwards, so that it 
comes into and disturbs the incident jet. Any lack of 
symmetry in the geometry of the apparatus or in the 
paths of the gas particles will therefore be apt to cause 
irregularities in the shape of the depression and will give 
rise to “parasitic’’ secondary phenomena. 
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Fig. 2. Types of nozzle used, dynamic pressure distribution at 
various distances from the nozzle, and general patterns of flow. 


nozzle diameter. 

distance between nozzle and surface of water. 
diameter of vessel (125 mm). 

overall height of vessel (305 mm). 

height of water in vessel. 

free height of vessel above water leve!. 

width of depression. 

depth of depression. 
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_ The impact of the air jet produces three main effects, 
1.e., (1) depression of the free surface, (2) intumescence or 
small swellings above the mean undisturbed level, and 
(3) displacements of the surface and movements inside 
the liquid. 
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Depression of the Free Surface :— 


At a large distance h between the nozzle and the 


surface of the liquid, the depression is as shown schematic- 
ally in Fig. 3a, the dotted line indicating the ideal contour 
in the absence of disturbances, and the solid line the true 
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Fig.3. Various types of depression for different nozzle distances 
and discharge rates. 
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contour at a particular instant. The shape of the depres- 
sion therefore varies in the course of time and, moreover, 
its axis does not coincide with the jet axis, so that it can 
be said that the depression “travels” on the surface. This 
shallow depression is not easy to measure, and move- 
ments of the liquid are difficult to observe. 

At shorter distances, the contour becomes more 
clearly defined and is substantially centred on the jet axis, 
typical depressions being shown in Figs. 3b and 3c. The 
width and depth of the depression can be measured 
more accurately than previously. At increased discharge 
rates, the water molecules entrained by the frictional 
forces of the air on the surface of the liquid acquire 
sufficient kinetic energy to rise above the mean level xx’ 
in Fig. 3d, and the depression is therefore surrounded by 
a ridge. 

Under more extreme conditions, spray becomes 
noticeable, and is formed as follows:—The streamlines of 
air deflected by the water gradually find a way into the 
side of the depression and form in it an open “‘air-pocket”’, 
as shown in Fig. 3e. Being lighter than water, this pocket 
tends to rise and displaces the water situated above it, 
resulting in swellings above the mean water level xx’, 
which break off at their tips and form droplets that fall 
back again into the bath. When a pocket is formed, the 
depression becomes symmetrical, so that it begins to 
travel with a “rhythm” corresponding to the frequency 
with which the pockets are being formed. At a short 
distance fh, the droplets are swept upwards by ascending 
currents and strike the wall of the vessel at various 
heights, some of them coming into the incident jet and 
being re-injected into the main mass of liquid. The 
contour of the depression becomes very irregular, and 
measuring accuracy is reduced. 

At the highest rates of discharge and at a small dis- 
tance h, air bubbles break away from the bottom of the 
depression (Fig. 3f). Bubbles also appear near the wall 
of the vessel, owing to agitation of the surface, and are 
carried away by the internal currents in the volume of the 
liquid. However, the larger bubbles, owing to their high 
buoyancy, rise again to the surface, whereas the smaller 
bubbles take part inthe circulation. Frequently, the entire 
depression begins to travel. At a minimum distance h, 
the depression is broken up, as shown in Fig. 3g, and 
quantitative measurements then become impossible. 


Intumescence :— 


Before a permanent depression is obtained, the 
action of the jet gradually gives rise to the periodic 
appearance of a swelling with an associated eccentrically 
situated depression (Fig. 4a), this swelling periodically 
reaching a certain height and then collapsing, leaving a 
hollow area of oval shape. In Fig. 4a, the solid contour 
shows the phenomenon as it reaches its maximum height, 
while the dotted contour shows its features half a cycle 
later. 

This condition of the surface is obtained only at air 
discharge rates and distances h between two limits. The 
swelling moves outwards from the centre when these 
limits are exceeded, and a depression is formed in the 
axis of the jet, with alternating formations of swellings 
and depressions outside this hollow central area, the 
central depression then becoming permanent (Fig. 4b). 
The evolution and disappearance of intumescence were 
first observed in tests at a constant discharge rate, when 
the distance A was reduced in steps of 5 or 10 mm. 

The internal currents in the liquid are indicated by 
the curved arrows in Figs. 4a and 4b. The motion is 
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Fig. 4. Formation of intumescence and depressions. 


oscillatory from one swelling to the other (the period was 
about 0:25 sec in these tests), and there is also a rotational 
movement of the liquid, substantially within a vertical 
plane, as in the case of a normal, i.e., a permanent, 
depression. The swellings also rotate very slowly about 
a circumference in one direction or the other, depending 
on random influences. 

The results showed that the critical distances / at 
which swellings begin to occur or disappear are indepen- 
dent of the mean level z of the water in the test vessel and 
the free height z’ of the vessel above the water level, as 
shown in Fig. 2. At a constant discharge rate, the 
frequency of the oscillatory movement is fairly constant 
and is independent of z and z’. The frequency appears to 
increase slightly at high discharge rates. 

The amplitude, i.e., the height, of the swellings 
increased up to a maximum value as the distance h 
between the nozzle and the mean water level was reduced, 
the discharge rate being kept constant; when / was 
further reduced the swellings again decreased. A 
similar amplitude variation was obtained by increasing 
the discharge rate and maintaining a constant distance h. 


Displacements of the Surface and Movements inside the 
Liquid :- 

Under certain conditions, the surface assumes a 
slightly concave form and is inclined in such a way that 
the normal through its centre will form an angle a with 
the axis of the vessel, as shown in Fig. 5. The surface 
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Fig. 5. Inclination of surface and rotational movement. 
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Fig. 6. Curves of y/d as a function of u*/2 gd, for diffe 
(a) Region of intumescence for d 3-093 mm. 


performs a rotational movement, during which its normal 
generates a cone with an apex angle 2a about the vertical 
axis. This is not a rotation of the entire mass of water, 
however, but of a deformation of the surface, and its 
direction of rotation is not predictable, as it frequently 
happens that, without changing the external conditions, 
the surface will turn in one direction, then stop, and 
then begin to rotate in the opposite direction. 

A solid particle in suspension in the liquid performs 
three movements simultaneously, i.e., (1) a movement 
along the curved trajectories shown in Fig. 5, with a 
fairly long mean period of revolution, (2) a movement 
along circumferential paths, which have their centre 
situated on these trajectories, with their radius, generally 
small, increasing with the distance of the particle from 
the centre of the vessel, and with the angle of slope a, and 
with its height above the bottom of the vessel, the period 
of this motion being the same as that of the surface 
rotation, and (3) a movement caused by drag in the direc- 
tion of rotation of the surface, with a very long period. 

As in the case of intumescence, this condition of the 
surface exists only for air discharge rates and distances 
h within certain limits. In tests with a discharge rate of 
0:92 gm/sec and a nozzle diameter of 3-093 mm, the 
range of intumescence was passed when the distance / 
was greater than 190 mm. The inclined surface 
gradually reached a maximum slope at a distance A of 
215 mm, with a height s’ of 50 mm above, and a height s 
of 23 mm below, the mean undisturbed level of the 
water. At greater distances, the slope of the deformed 
surface again decreased and was practically horizontal 
at a distance A of 280 mm. At higher discharge rates, 
the angle a remained small, and the rotational movement 
was superimposed on a permanent depression. 

The critical distances 4 at which this rotating surface 
deformation appears or disappears depend considerably 
on the depth z of water in the vessel and on the free 
height z’ above the mean water level. The greatest 
range of h-values is obtained with medium values of 
z and z’; when z and z’ are small, the phenomenon 
cannot be initiated at all, or only with difficulty. The 
maximum slope increases with increasing z’-values, 
until (with a constant discharge rate) difficulties in 
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initiating the movement begin to occur. The period of 
rotation is about 0:4 sec and is practically independent 
of the discharge rate and of the depth of water, although 
it tends to increase slightly with low values of z. 


Quantitative Study of Surface Shape 


The depth and width of the permanent depression 
were measured for three different nozzle diameters, i.e., 
1-301, 1-998, and 3-093 mm. It was considered that the 
depression depth » could be regarded as a function of 
eight variables (distance h, vessel diameter D, nozzle 
diameter d, depth of water z, densities of gas and liquid 
og and ¢,, mean velocity wu of the jet, and acceleration 
g due to gravity). Including the depression depth », 
these can be combined into six non-dimensional ratios, 
i.e., 2/D, ec/er, d/D, y/d, h/d, and u?/2gd. 

As the tests were carried out in a vessel of 125 mm 
diameter, using air and water, three of the variables were 
kept constant, and only four non-dimensional ratios 
were investigated. 

The air discharge rate W was determined and, from 
the measured results, families of curves were drawn with 
y/d as a function of h/d, for fixed values of Froude 
number u2/2gd. The influence of the depth of water z was 
determined by repeating the series of tests with different 
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Fig. 7. Curves of y/d as a function of u*/2gd, for different values 
of h/d, with a depth of water z of 40 mm (open circles) and 80 mm. 
(solid circles), using a nozzle of 1-998 mm diameter. 
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Fig. 8. Curves of x/d as a function of u*/2gd, for differe 


z-values. The theodolite was kept in a fixed position and, 
as its optical axis did not generally lie in the plane of the 
free level of the liquid at rest, this surface was seen in the 
form of an ellipse. It should be mentioned that the 
width x of the depression could not be measured very 
accurately, particularly when the depression was shallow 
or when it was travelling. The mean width was com- 
puted from observations of the maximum and minimum 
values at each end. At a constant discharge rate, there 
was a small region in which the width was fairly well 
determined, but here again there was some scatter in the 
experimental results. 

The main results obtained at a constant discharge 
rate with the three different nozzle diameters d are shown 
graphically in Figs. 6,7, and 8. Fig. 6 is based on a depth 
of water z of 80 mm, and the curves show 1d as a 
function of u?/2gd, for different values of h/d. The 
dotted areas denoted by a, b, and ¢ are the regions in 
which intumescence occurs. Spray becomes noticeable 
along a line which corresponds roughly to the upper 
boundary of these regions of intumescence. The fact 
that the test points follow the curves fairly closely 
indicates that the non-dimensional variables were 
suitably chosen. There is, however, a slight influence 
of the d D ratio, since the points for d = 3-093 mm are 
consistently higher than those for d = 1-998 mm, which, 
in turn, are somewhat above those for d = 1-301 mm. 
However, with larger vessel diameters this influence will 
evidently be even less marked, so that the d/D ratio can 
be neglected as a parameter for first approximations. 

An attempt was made to determine the influence of 
the depth of water z. The results, given in Fig. 7, are for 
two values of z, i.e., 40 and 80 mm, and show that the 
depth of water has no influence on the depth of the 
depression, unless it is very small. 

Curves showing x/d as a function of u?/2gd, for 
different values of h/d, are reproduced in Fig. 8. The 
effect of distance / can be deduced from the spacing of 
the curves for the values of different 4/d ratios. The 
measurements of depression width x were basically 
difficult to carry out, particularly for shallow or non- 
stationary depressions 

It should be noted that the highest air velocities at the 
nozzle were of the order of 300 to 400 m/sec. To 
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produce the same effects with a liquid of greater density’ 
much higher velocities would be required. 

In conclusion, it may be said that this investigation 
tends to show that intumescence is due solely to the 
configuration of the air jet, whereas the rotational 
movement depends considerably on the geometrical 
dimensions of the assembly. 





An Improved Vane-Type Pump, using 
Kingsbury Slippers 
(Concluded from page 82) 


if the pump is supplying a very small hydraulic system’ 
A large system, particularly one using rubber hose, has 
pulsations that feed back from the system and tend to 
squeeze out the oil film. The oil grooves carry the 
pressure pulsations part of the way under the slippers, 
and still provide adequate lubrication. Shifting the oil 
groove back to the middle was found to take more 
power, probably because the peak of the pressure- 
distribution curve was moved towards the rear. 

Fig. 2b shows the effect of using a slipper with a 
radius slightly less than that of the cam ring. In this case, 
as the slipper tilts forward, the point of minimum 
oil-film thickness also shifts forward until the hydro- 
dynamic bearing pressure is in line with the forces acting 
downward on the slipper. This can take place without 
osing the cohesion of the oil film, which helps to hold 
the slippers to the cam ring, since the variation in oil-film 
thickness necessary to assure hydrodynamic lubrication 
is less than 0-0001 in. With this change, true Kingsbury 
action has been obtained up to a discharge pressure of 
2400 psi, this being the limiting pressure of the test 
equipment used. The performance of this pump is given 
in Fig. 3, which shows volumetric efficiency, speed, and 
flow as functions of discharge pressure. 

It is essential to ensure the hydrodynamic lubrication 
and stability of the slippers as they pass through the 
sealing arc at the top of the cam ring. If the slippers are 
permitted to leave the cam ring in the sealing arc, they 
will not be properly seated when they pass the suction 
port, and the discharge pressure will force them noisily 
out and back against the rotor and cam ring. 
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A Simple Photoresistor Circuit for a 


Constant-Intensity Light Source 


IN many measurements employing a light source, such as 
photometric measurements of luminous intensity and 
absorption measurements with a colorimeter or spectro- 
meter, it is important that the light source, e.g., an 
incandescent lamp, should be of very constant intensity. 
In this connection, it will be appreciated that the lumi- 
nous intensity of an incandescent lamp closely depends 
on the applied voltage. For example, a 10° voltage 
variation from a normal 220 V changes the luminous 
intensity of a given lamp by as much as 34%. 

In practice, therefore, these voltage variations are 
usually eliminated, for the purpose of such measurements, 
by supplying the lamp from accumulators or via an a.c. 
voltage stabilizer. However, although an accumulator 
can deliver a sufficiently constant voltage, it requires 
considerable attention; moreover, its bulk is a dis- 
advantage. Similarly, while simple stabilizers can be 
designed, using a transformer with a saturated core and a 
capacitor in series with the primary winding, they are not 
really adequate in cases where an incandescent lamp of 
truly constant intensity is required. 

In any case, it should be realized that, even if an 
accumulator or a better voltage stabilizer is used, there 
still remains the drawback that, in the long run, even if 
the voltage is kept constant, the luminous intensity will 
decline, owing to the gradual evaporation of the filament 
and deposition on the bulb. Fundamentally, therefore, 
the luminous intensity itself should be stabilized rather 
than the supply voltage. 

Although this can quite readily be effected with an 
orthodox high-vacuum photocell and electron tubes, it 
has never found much practical application, the apparatus 
required probably being somewhat too complicated to be 
appreciated in the circles where it would be used. 
Advances in the development of photoresistors and 
transistors have now made it possible, however, to design 
simple circuits that are eminently suitable for stabilizing a 
small incandescent lamp of, say, 30 watts, and experi- 
mental apparatus of this type has been built for use with 
a spectrometer in the Philips Research Laboratories, 
Eindhoven. 

This equipment utilizes a simple circuit, in which a 
cadmium sulphide photoresistor is used to keep at 
constant intensity the emission of a 6-V, 5-A motor-car 
headlamp bulb, supplied from a stepped-down mains 
supply of 220 V a.c. The principle of the circuit is 
illustrated in Fig. 1, in which the stabilizing transformer 
has two secondary windings S$; and S2, S; serving for the 
lamp supply. The current of approximately 5 A is 
regulated by means of four transistors T2 to T; connected 
in parallel in a common-emitter arrangement. Since 
these transistors pass current in one direction only, they 
are bridged by a germanium diode D, so that the current 
in the lamp L is regulated in only one half of each cycle. 
An equalizing resistor Re of 1 ohm is connected in the 
emitter lead of each transistor in order to divide the 
current equally between them. 

A cadmium sulphide photoresistor Ry is mounted 
beside the lamp L and is enclosed in a can having a wedge- 
shaped aperture which acts as a diaphragm for varying 
the illumination of the photoresistor. The photoresistor is 
included, together with a variable resistor R, in a bridge 
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circuit, the other arm of which is formed by the secondary 
windings Si and So. 

If the voltages in the secondary windings $1, and Sz are 
assumed to be Vi and V2 and, if they are in phase, then the 
bridge will be balanced, i.e., the voltage between points 
P and Q in Fig. 1 will be zero, when Ry : Ri Vi: ba, 
and this will occur at only one particular resistance value 
of Ry, i.e., at a specific illumination of the photoresistor. 
A change in illumination produces a voltage between 
P and Q, and this voltage (the bridge output) is applied 
to the input of a transistor 71, which is of a similar type 
to the regulating transistors T2 to 7; and which acts as an 
amplifier. The output voltage of transistor 71, developed 
across the resistor Re, drives the four regulating transis- 
tors. The transistors are active only in that half of the 
a.c. cycle in which the collectors are negative. In the 
other half of the cycle, the lamp L is fed via the diode D. 
In Fig. 1, then, point A is negative with respect to point B. 
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Fig. 1. Circuit used for producing a constant-intensity light 
source. 


To explain how regulation is achieved, assume 
initially that the illumination is such that the bridge is 
balanced. If the illumination now increases, the resistance 
Ry of the photoresistor drops, causing the base of the 
amplifying transistor Ri to become negative with 
respect to the emitter, and this transistor conducts. Asa 
result, the collector becomes less negative, and the same 
applies to the bases of the regulating transistors to which 
it is connected. From the transistor characteristics, it 
can be inferred that this voltage increase cuts off the 
transistors as soon as the common collector voltage 
exceeds a certain value. Consequently, the current 
through the lamp is momentarily interrupted for a certain 
fraction of the active half of the cycle. The waveforms of 
the voltage across the incandescent lamp are represented 
in Fig. 2, in which Fig. 2a shows the voltage waveform 
across the lamp when connected only to the a.c. voltage 
stabilizer (which is responsible for the distortion of the 
sine wave), while Fig. 2b shows the waveform when the 
lamp is incorporated in the circuit in Fig. 1. 

In the inactive half-cycle, the full current flows 
through the lamp via the diode D. If the light source 
and photosensitive element were free from inertia (as 
they would be if a discharge lamp and a high-vacuum 
photocell were used), the luminous intensity would 
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accordingly not have the desired value during this half- 
cycle. The regulation would then deal with only half the 
effect of a voltage variation. In fact, however, both the 
lamp and the photoresistor possess inertia. The 
luminous intensity does not follow the momentary change 
of the mains voltage, but remains at a value which is the 
average over several cycles. The regulation in the active 
half cycle is thus also effective for voltage variations in 
the other half. 


Fig. 2. Voltage waveforms across the incandescent lamp, (a) 


when connected only to an a.c. voltage stabilizer, and (b) when 
incorporated in the circuit shown in Fig. 1. 





Although this control system does not lend itself well 
to a mathematical approach, the behaviour of the 
circuit can be very simply determined by varying the 
magnitude of R; in the absence of any feedback from the 
lamp to the photoresistor. For this purpose, the photo- 
resistor is replaced by a fixed resistance in series with a 
small variable resistance, and the luminous intensity of 
the source is then measured as a function of Ry at 
various voltages. What is in fact measured is not the 
luminous intensity J but the illumination E in a plane 
perpendicular to the beam of light at the position of the 
photoresistor diaphragm. 
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Fig. 3. Circuit characteristics, showing illumination E as a 


function of resistance R, in the absence of feedback for different 
mains voltages, and R; as a function of E. 
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The measured curves of illumination FE at a fixed 
position just in front of the photoresistor diaphragm as a 
function of resistance Ry in the absence of feedback are 
shown in Fig. 3 for mains-supply voltages of 190, 210, 230, 
and 250 V, i.e., corresponding to fluctuations of +30 V 
and -+t 10 V in the normal supply voltage of 220 V. It can 
be seen that a relatively slight decrease in the value of Ry is 
accompanied by a fairly considerable drop in the value 
of illumination E, despite the stabilizing action of the 
mains transformer. Thus, the effect of voltage fluctuations 
on illumination, in the absence of feedback, is apparent. 

Feedback can be represented graphically by plotting 
the line which indicates the value of Ry as a function of E. 
The characteristic of the photoresistor is such that Ry is 
inversely proportional to the illumination on the photo- 
sensitive surface. The value of this illumination is less 
than that of E in the plane perpendicular to the beam of 
light at the position of the photoresistor diaphragm, but 
the two values stand in a fixed relationship to one another 
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at any fixed position of the diaphragm, so that the value 
of Ry is also proportional to that of E. At one given 
setting of the diaphragm, the line Ry = f (E) is obtained, 
as shown in Fig. 3. The operating point of the circuit at 
a particular mains voltage is now the point where this 
line intersects the corresponding measured curve of Easa 
function of Ry and, if the mains voltage changes, this 
point shifts along the line Ry = f(E). Thus, between 
190 and 250 V, it can be seen from Fig. 3 that E varies 
from about 79-5 lux to 80 lux, i.e., by about 06%. 

By changing the position of the diaphragm, a different 
luminous-intensity setting is obtained. If a_ higher 
luminous intensity, for example, is required, the can is 
turned so that less light enters the diaphragm. Whilst 
the value of illumination E in the plane perpendicular to 
the beam of light remains unchanged, the illumination 
on the surface of the photoresistor is now reduced; 
consequently, the resistance increases, and the bridge is 
unbalanced, point P in Fig. 1 now being more positive, 
with less current flowing through transistor 71, and more 
current being passed by the regulating transistors 
T2 to T5. Asaresult, the value ofillumination E increases, 
so that the value of Ry again decreases, until a new balance 
is reached. In this state of balance, the value of ?; will 
remain higher than before the change, inasmuch as more 
current must now flow through the lamp. 

When the diaphragm is reduced, the position of the 
line representing Ry f(E) changes its position and, 
since the value of Ry; is higher for the same value of E, 
this line occupies a higher position in the diagram, as 
shown by the line representing Ry = f’ (E) in Fig. 3. The 
curves of EF as a function of Ry remain unchanged, so that 
the operating point at a given mains voltage now lies at a 
higher value of FE, and the value of Ry is also higher. In 
this case, it will be seen from Fig. 3 that, between 190 and 
250 V, the value of E varies from about 88°5 lux to about 
89-5 lux. 

The circuit should be so adjusted as to allow the 
luminous intensity to be regulated for mains fluctuations 
in both directions. At 220 V, therefore, a part of each 
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Fig. 4. Variation of luminous intensity A/ with fluctuating 

mains voltage V, for (a) a lamp without a voltage stabilizer, 

(b) a lamp fed by a simple voltage stabilizer, and (c) a lamp 
incorporated in the circuit shown in Fig. 1. 
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cycle should be suppressed, e.g., as shown in Fig. 2b. 
For this purpose, point P in Fig. | should be given a 
certain negative potential, this being effected by adjusting 
the variable resistor Ri. Thus, when changing over to a 
different illumination setting, it is necessary to adjust 
both the diaphragm and the resistor Ri. 

It should, of course, be noted that temperature 
variations affect the stability of the system. Thus, the 
resistance of the cadmium sulphide photoresistor 
increases by about 0:2°% per C rise in temperature, with 
a corresponding increase in illumination. Temperature 
variations also affect the transistors, the most sensitive in 
this respect being the amplifying transistor 7). However, 
the effect of temperature on the transistors is the opposite 
of that on the photoresistor. As a result, it might be 
thought that these temperature effects would oppose 
each other and that any deviation should to some extent 
be compensated. In fact, however, the photoresistor and 
the transistors do not undergo the same temperature 
variations, as they are housed in separate compartments 
in the equipment used. Consequently, to be on the safe 
side, it is estimated that there will be an increase of 0:2°% 
illumination per C rise in temperature, i.e., a variation 
of about 1° for a temperature variation of 5 C. 

Because of these temperature effects, the circuit is not 
constant enough to be used as a light standard, par- 
ticularly since no account has been taken of phenomena 
associated with ageing of the photoresistor. However, 


for use with a colorimeter or spectrometer, where 
stability is required only during successive measurements 
on test and comparison samples, the influence of tempera- 
ture is no objection. 

The photoresistor is mounted with the lamp in one 
small compartment. Although this is ventilated, 
allowance must still be made for a warming-up period, 
during which the luminous intensity increases. According 
to calculations, the increase might be a few per cent, and 
observation has also confirmed this. The luminous 
intensity settles down to a constant value after about | hr, 
although the apparatus is stable enough for use after the 
first 20 min or so. A similar warming-up period is also 
prescribed for the spectrometer itself, for which the 
equipment was primarily designed. 

In actual fact, this equipment is used at a luminous 
intensity which is twice as high as that at which the 
measurements for Fig. 3 were carried out, so that it is 
reasonable to suppose that variations in luminous 
intensity with voltage fluctuations should also be twice as 
high. This was found to be more or less the case, as 
shown in Fig. 4, which shows the results of tests to 
determine the percentage variation of luminous intensity 

J with fluctuating mains voltage V in relation to a 
normal voltage of 220, in the case of (a) a lamp without a 
voltage stabilizer, (b) a lamp fed by a simple voltage 
stabilizer, and (c) a lamp incorporated in the simple 
circuit described. 


Methods of Improving the Reliability and Efficiency 
of Large Rectifier Installations 


THE economic importance of operational reliability in 
large machines and installations is confirmed by the 
fact that any possible loss of production due to plant 
failure can, in a short time, equal the total plant costs. 
For example, a large rectifier plant can, in less than one 
month, supply enough direct current to aluminium 
electrolysis cells to produce aluminium with a market 
value comparable with the total first costs of the complete 
installation. This article therefore deals with measures 
for increasing the permissible loading of large mercury- 
arc rectifiers, thereby permitting more economical 
operation, without, however, affecting the reliability of 
the plant. 

The most common fault affecting mercury-arc 
rectifiers, i.e., the ‘‘back-fire’’ which occurs because 
of failure of the valve action of the unit, has been 
thoroughly investigated and is now fully understood, so 
much so that, by means of special designs, technical 
advances, and circuit arrangements, it can be effectively 
controlled. Although it has not been possible to eliminate 
back-fires completely from the operation of mercury-arc 
rectifiers, these faults now occur only very rarely, and by 
incorporating the necessary protective devices, their 
effect can be controlled without interfering with the 
operation of the remainder of the plant. It is possible to 
calculate statistically the probability of the occurrence of 
a back-fire over a long period but, in the first instance, 
actual operational results should be relied on to assess the 
capacity of the plant to withstand the effects of back-fires. 
For this reason, it is of great importance to take careful 
1960 


AUGUST, Volume 21. No. 8 





By B. STORSAND 


From Bulletin Oerlikon, Switzerland, 
No. 336 337, December 1959, 
pp. 108-113, 5 illustrations. 


records of the operational results obtained with a 
particular rectifier type. 

The requirements relating to the continously increas- 
ing bus-bar power rating of aluminium electrolysis plant 
are typical of these conditions. The currents required for 
electrolysis have increased in recent decades by a factor 
of 5 to 10, so that bus-bar currents of 50,000 to 150,000 A 
at voltages of 600 to 800 V have to be handled. The 
resulting effect of short-circuits on the rectifier, the 
transformer, and the associated circuit-breakers have 
made it necessary to adopt special measures to prevent 
damage to these components when a back-fire occurs in 
one of the rectifier units. 

Experiments under actual operational conditions, 
mainly carried out in the first instance in the U.S.A., 
have contributed considerably to a full understanding of 
short-circuit effects. Short-circuit tests which the 
Oerlikon Engineering Company recently carried out at 
the Norwegian aluminium-producing plant at Mosjéen 
in a 90,000-A, 850-V rectifier installation have supplied 
important information to further the understanding of 
the behaviour of large rectifiers with short-circuit 
protection provided by grid blocking only, without the 
use of anode circuit-breakers. 

Continuous loads, well in excess of 1000 A d.c. 


79 





per anode have been achieved in single-anode rectifiers 
of the type shown in Fig. | under test conditions, 
making it possible to supply rectifier installations with 
loads of 5000 A per 6 anodes and with a high load 
safety-factor. In these rectifiers, the arc-voltage drop, 
depending on the selected transformer connection, will 
vary between 22 and 25 V, whereas, with high-current 
multi-anode rectifiers, which handle only approximately 
half this anode load, the value of the are drop is in the 
region of 25 to 28 V. The possibility of handling anode 
currents of 1000 A with absolute reliability and with a 
voltage drop of less than 25 V is of the utmost importance 
when considering the future possibilities of the mercury- 
are rectifier. 
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Fig. 1. Section through an Oerlikon single-anode rectifier for 
currents up to 1000 A per anode. 

One fact which contributes considerably to this 
increase in the reliability of the single-anode rectifier is 
the possibility of generously dimensioning the rectifier 
tank without affecting the economics of the design and 
without causing an increase in arc length; this is of 
importance for the thermal and mechanical stressing of 
the valves. The design developed by Oerlikon is such 
that mechanical defects, e.g., fracture of insulators or 
development of leaks during transport or operation, have 
been completely eliminated and even the most severe 
short-circuits will not cause any damage to the unit. 

It has long been known that most back-fires during 
the operation of a rectifier occur at the moment of arc 
extinction. It is possible to induce back-fires, whilst 
current loading and blocking voltage remain constant, by 
artificially raising the stress factor at the moment of arc 
extinction, i.e., by a very considerable reduction of the 
conducting period of the rectifier; this clearly indicates 
that it is necessary to deal with phenomena which 
occur at the moment of arc extinction and which do not 
affect the remainder of the non-conducting period. 

For purposes of comparison and as a measure of the 
stress of the rectifier at the moment of arc extinction, it is 
possible to assign a value B= —(di/dt) AU in which 
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(di dt) represents the change of current at the moment of 
extinction and AU the restriking voltage across the 
valve gap. In this expression, the factor (di/df) is a 
measure of the residual ionization in front of the anode 
at the moment of extinction; the absolute value of 
residual ionization, however, will depend on a series of 
other factors, such as mercury-vapour pressure, temper- 
ature, flow conditions, grid arrangements, and _ the 
general design of the rectifier itself. When determining 
the rectifier stresses, the above value achieves considerable 
practical importance when it is employed for comparison 
under different loading conditions. 

In considering the effect of grid control and trans- 
former reactance on the rectifier stress factor, it should 
be understood that the valve stresses not only increase 
with increasing grid cut-off, but also that these stresses 
increase with reduced transformer reactance. The 
reason for this increasing stress is quite obvious: as the 
control grid cuts back-conduction, the restriking voltage 
AU rises, at least to begin with, and only reaches a 
maximum with a very large cut-off angle, which will 
depend on the circuit arrangement. Furthermore, 
cut-off grid control by itself, as well as reduction in the 
transformer reactance, produces an acceleration of the 
commutation process which is directly equal to an 
increase in the factor (di dj). 

For example, cutting back-conduction by 30 deg., 
corresponding to a voltage reduction of about 13°, and 
with a transformer reactance of 6°, produces twice the 
stresses in the rectifier, when compared with cutting 
back by only 5% with a reactance of 9:5°. If a trans- 
former with a 3:5°% reactance (referred to the group 
rating of the rectifier to be tested) is selected, then a 10% 
reduction in the firing angle during the tests—at a 25°, 
current overload of the rectifier—will produce approxi- 
mately five times the commutation stress of the rectifier, 
when compared with operation with full conduction. 

Although these loading tests are comparatively 
costly, they provide, both for the manufacturer and for 
the user, a considerable safeguard against the possibility 
of the rectifier causing plant break-down. Also, account 
should be taken of the cleansing action on the surface of 
the anode; this is due to the increased ion bombardment 
of the anode during the blocking period, resulting in an 
increase of the blocking capacity of the rectifier. 

Operational results with large rectifier installations 
generally show that most back-fires occur during the first 
months after commissioning and that subsequently their 
frequency is greatly reduced. This has been proved ina 
number of large rectifier installations in all parts of the 
world and clearly indicates that cleansing of the anode 
surface, in combination with the continuous degassing of 
other rectifier components, continues whilst the unit is in 
service, and, provided that the design of the protective 
measures is adequate, will automatically produce an 
improvement in operational behaviour. Records 
maintained over five years concerning back-fires in a 
large rectifier installation have shown that the average 
back-fire frequency per anode is ten years. 

A device which contributes considerably to the 
increased load-carrying capacity and operational reli- 
ability of large rectifier installations is the Oerlikon jet 
pump, employed to maintain the vacuum inside the tanks. 
Although satisfactory pumpless rectifiers can now be 
built, continuous evacuation reduces the possibility of a 
defective vacuum and also permits, without affecting the 
operational reliability of the rectifier, a considerably 
higher anode loading than is permissible for pumpless 
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operation. In a pumpless rectifier, it is essential that no 
gases are given off from the anode or other parts in 
contact with the arc. It is also necessary to be more 
conservative when deciding the anode-loading conditions, 
when compared with the pumped rectifier, where such gas 
discharges can easily be dealt with, without causing 
interruption of supply. A further disadvantage of the 
pumpless rectifier is the fact that it is usually not possible 
toinspect the tank interior on site, and the rectifier has to 
be returned to the makers for repair. 


| | : H { j - -_—— 











i 4 
- + - + 
a b 

















Fig. 2. Typical connection arrangements for rectifier trans- 
formers. 


The transformer connection selected also greatly 
affects the operational reliability of a rectifier installation. 
Fig. 2 illustrates the more usual circuit arrangements of 
rectifier transformers employed to-day. Whilst the fork 
connection (Fig. 2a) and the double three-phase connec- 
tion with interphase transformer (Fig. 2b) have been 
employed ever since rectifiers have been used, consider- 
able advantages are derived with regard to loading 
capacity and reliability from the use of the two connec- 
tions illustrated in Figs. 2c and 2d, which comprise the 
3 x I-phase push-pull connection and the 2 < 3-phase 
Series connection — respectively. The 3 1-phase, 
push-pull connection for high-current rectifiers permits 
a higher current loading of the rectifier of about 20%,, 
l.e., a reduction in the arc voltage drop of about 10°, 
and a limitation of the short-circuit current at back-fires 
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to less than half that generally associated with the 
2 » 3-phase connection with phase-equalizer reactors. 

The question of short-circuit protection in large 
rectifier installations is of paramount importance with 
regard to the operational reliability of high-power or 
high-current installations. The following measures can 
be adopted to increase the reliability of a rectifier 
installation under short-circuit conditions:— 

(a) The selection of the transformer connection most 

suitable for the conditions likely to be met. 

(b) The use of the best possible arrangement of 
transformer windings to reduce the effects of 
short-circuit stresses and to limit the short-circuit 
currents which are likely to flow under fault 
conditions. 

(c) The provision of a sufficiently high transformer 
reactance. 

(d) The use of a quick-acting arc-blocking device 
which is effective under all conditions. 

(e) The provision of high-speed reverse-current 
breakers in the cathodes or neutral-point connec- 
tions. 

Limitation of the rate of the fault current by the 
provision of reactances. 

(g) The use of high-speed circuit-breakers on the 

anode side. 

(h) Subdivision of the direct-current bus-bars by 
supplying individual conductors which are joined 
together near the load terminals. 

Anode circuit-breakers are generally employed, 
particularly in the U.S.A., and provide extremely effect- 
ive, but relatively expensive, protection. However, by 
combining a number of the above-mentioned measures 
it has been found possible to produce practically short- 
circuit-proof high-current rectifier installations of any 
desired rating without the use of anode circuit-breakers. 

The number of parallel operating rectifier groups is 
of great importance with regard to the available load- 
carrying capacity and the operational reliability of a 
high-current rectifier installation. If indicates the 
number of groups, then »—1 groups must be capable of 
maintaining unrestricted full-load operation with one of 
the groups withdrawn from service for maintenance. 
Even the withdrawal of a second group from service, so 
that, only n—2 groups are available, will leave sufficient 
plant capacity to supply enough power to maintain the 
plant in operation, although, perhaps, without voltage 
regulation by grid control. By selecting a sufficiently high 
number of groups better utilization of the rectifiers is 
achieved, and this, in turn, provides a more economical 
installation with a lower overload factor for the 
individual groups. 

In conclusion, it may be said that, because of its high 
short-circuit capacity, associated with ease of control and 
high efficiency, the mercury-arc rectifier will undoubtedly 

remain a most economical proposition, particularly for 
high-current installations for electro-chemical plant with 
tensions of 600 to 1000 V, and for traction duties at 600 
to 3300 V. For a number of other applications where the 
possibilities of grid control (continuous control of the 
direct voltage) are of importance, e.g., for variable-speed 
drives, reversing drives, inverters, etc., the mercury-arc 
rectifier still provides the most suitable solution when 
large powers have to be dealt with. For the lower 
voltage range (at present up to approximately 600 V), the 
semiconductor rectifier has started to compete with the 
mercury-are rectifier, and, mainly because of its higher 
efficiency, has found increasing application. 
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An Improved Vane-Type Pump, using 
Kingsbury Slippers 


By J. M. RotuH and D. L. Rotu 


From Applied Hydraulics and Pneumatics, U.S.A.., 
Vol. 13, No. 4, April 1960, 
pp. 73-75, 98, 8 illustrations. 


It has been found possible to improve the performance of 
a vane-type pump by using low-friction Kingsbury 
slippers at the outer face of the vanes, these vanes being 
given sufficient freedom to pivot, so that they can build 
up a Kingsbury-type fluid film (i.e., similar to that of 
the Kingsbury thrust bearing, which this pump resembles 
in some ways) to support them as they slide on the cam 
ring. These vanes or slippers can tilt in the rotor slots 
in such a way that their outer faces fit the cam-ring 
contour and always make area contact, instead of line 
contact. The slippers need not fit the slots with clearances 
closer than 0-006 in., and the shape of the slipper is such 
that, as shown by the dotted slipper D in Fig. 1, it cannot 
turn over or wedge. 


PRESSURE 
PORT 


Fig. 1. Basic design of the improved vane-type pump with 
Kingsbury slippers. 


Most designs of conventional slipper pumps have a 
slipper radial travel of only about 5% of the rotor 
diameter, making the pump bulky and also making the 
load on the journal bearings so large that efficiency is 
reduced and the maximum practical pressure is severely 
limited. In this improved design, slipper travel has been 
set to at least 10% of the rotor diameter. A liberal 
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Fig. 2. Slipper designs with an oil groove and chamfered 
edges, showing (a) an approximate pressure-distribution 
curve, and (b) the effect on pressure distribution of using a 
slipper with a radius slightly less than that of the cam ring. 
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clearance of about 0-010 in. between the rotor and the 
cam ring A, as shown in Fig. 1, prevents trapping. The 
seal between the pressure and suction ports is made by 
pressure forcing the slippers forward against the leading 
faces of the rotor slots at B and C. 
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Fig. 3. Volumetric efficiency, speed, and flow as functions of 
discharge pressure for the improved vane-type pump with 
Kingsbury slippers. 

While the slipper is passing the pressure or suction 
port, there is no pressure difference across the slipper to 
hold it against the cam ring. The slipper is held in place 
by a combination of forces, one being centrifugal force, 
which is small for the pumps built. Another force is the 
cohesion of the oil film. Springs are not needed. 

To take care of end clearance, the end-plate is 
pressure-loaded to a fixed clearance, so that it can move 
back to let dirt particles pass. This pump will work with 
dirt particles in the oil because none of the fixed clearances 
is as close as 0-001 in. 

In actual fact, this design has an advantage over a 
Kingsbury-type bearing in that high-pressure oil is 
available at the leading edge of the slipper. In order to 
be sure that this high-pressure oil will always get started 
under the leading edge of the slipper, even when there are 
pressure pulsations, a small oil groove was machined 
about one-quarter of the distance back from the leading 
edge and was fed by two chamfers at the ends of the 
slipper, as indicated in Fig. 2a, which includes an 
approximate pressure-distribution curve showing the 
resulting bearing pressure behind the centre of the 
slipper. The other force shown is the resultant of the 
rotor and hydraulic forces on the slipper. These forces 
will tilt the slipper forward until its outer face is parallel 
with the cam ring. However, in this new position, true 
Kingsbury action is not obtained and tests have shown 
that the adhesion of the oil provides adequate lubrication 
to a discharge pressure of only 1200 psi. 

Tests have also shown that oil grooves are unnecessary 

(Concluded on page 76) 
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Electric Motors with Printed Windings 


By J. HENRY-BAUDOT 


BEARING in mind that it isnow common practice to produce 
printed circuits with a metallic layer on both sides of an 
insulating plate and to provide the requisite electrical 
connections between the two faces by means of holes 
which can be filled with solder or metallized, it is therefore 
possible to print a staggered spiral type of stator winding 
for electric motors. 

Admittedly, as an electrical winding, this arrangement 
is somewhat rudimentary. However, as shown in Fig. 1, 
such a winding has been produced and was, in fact, used 
in a prototype asychronous two-phase, 400-cps electric 
motor. This two-phase stator winding has 16 poles in a 
spiral arrangement, the insulating plate, made from a 
polyester resin, having one phase printed on each face, 
with a geometrical angle of 22:5 deg. (90 electrical 
degrees) between the two phases. 





Fig. 1. 


Two-phase, 16-pole stator with printed winding. 


In a motor of this kind, the main flux is parallel to the 
axis of rotation and is closed in the yokes by concentric 
lines of force. Consequently, the iron was laminated 
accordingly, and the magnetic yokes were made of thin 
metal strip, wound in close spirals. The squirrel-cage of 
this motor could be constructed in various ways or could 
even be replaced by a simple copper disc. While it is 
true that this motor ran satisfactorily, it did not, in its 
primitive form, lend itself to much development and, in 
particular, the surface of the plate was not very well 
utilized. 

On the other hand, in the design shown in Fig. 2, the 
entire surface of the plate, which forms the multi-pole 
armature of a d.c. motor, is entirely covered by radial 
conductors arranged in a fully symmetrical rosette-type 
pattern, the pattern on each face of the plate being 
identical and interconnected via metallized holes in the 
centre and periphery of the plate. This plate has the 
appearance of an improved Barlow wheel, which is itself 
a homopolar motor, inasmuch as its flux can be regarded 
as being locally uniform and unidirectional, so that all 
the spokes of the wheel are subjected to the same e.m.f. 
and are all connected together. 

1960 
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From Bulletin Scientifique A.I.M., Belgium, 
Vol. 73, Nos. 2, 3, February/March 1960, 
pp. 119-138, 20 illustrations. 


If the flux is limited to one sector of the wheel, there 
will be a variation in flux at the ends of this sector, 
giving rise to eddy currents and a braking action. If, 
however, the flux is alternately divided into north and 
south sectors, the spokes of the wheel will be subjected 
to positive or negative values of e.m.f., according to the 
sign of the poles over which they are passing. They can 
then be connected together in series in a conventional 
winding arrangement, as shown in Fig. 3. The radial 
portions are the ‘“‘active’? conductors and the curved 
central and peripheral portions are the junctions or heads 
of the coils. Each turn of the spiral winding is situated on 
both sides of the disc, i.e., its half portions are on each 
of the two faces. The maximum e.m.f., is collected by 
means of brushes sliding over the neutral sections of the 
conductors between the field poles. 

In this type of motor, only the copper is moving in the 
field and it is completely free from any iron masses. 
This feature makes the motor distinctly different from 
conventional machines, in which electromagnetic torque 
is due to the action of the iron of the stator on the iron 
of the rotor. 

The field is generated on one side of the rotor by a 
number of peripherally arranged permanent magnets of 
tapered section, and the flux path is closed by two annular 
casings of soft iron. The induction in the air gap ranges 
from 4 to 7000 gauss, depending on the size of the motor. 
This peripheral arrangement facilitates the magnetizing 
processes and makes it possible to provide magnetic 
shunts, so as to avoid demagnetization effects when the 
motor is dismantled. A motor of this type is ittustrated 
in Fig. 4, which is an exploded view of the ‘‘Servalco” 
Type TM 50.0 motor, to be described later. 

Although the basic procedures for the production of 














Fig. 2. Multi-pole disc-type armature for a d.c. motor, with a 


symmetrical rosette pattern of printed winding. 
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these disc-type windings are similar to those used for 
printed electronic circuits, various techniques have had 
to be evolved. The thicknesses of copper considered, 
which range from 0-1 to 0-8 mm, are much greater than 
those normally used for printed circuitry, i.e., from 
0-035 to 0:070 mm. The insulating disc must be of a 
material having the required mechanical strength and 
thermal properties, to enable it to be provided with a 
large number of closely spaced holes for connections 
between the two faces and to allow it to carry compara- 
tively heavy currents with safety. 





Fig. 3. Method of winding when the flux in the armature shown 
in Fig. 2 is alternately divided into north and south sectors. 


To obtain satisfactory results, it is necessary to use 
various synthetic resins and adhesives, as well as different 
chemical, electrolytic, and mechanical etching and 
engraving processes and electro-deposition methods, 
depending on the type of disc, the fineness of the pattern, 
and the thickness of the copper. Furthermore, the 
design must be transferred with extreme accuracy, and 
this is accomplished either by the silk-screen method, by 
photographic contact transfers, or by the offset process. 
The original is drawn to a large scale on a sheet for a 
careful study of the geometric shapes, connections, and 
superimposed patterns of the front and back faces, 
which are nearly identical in most respects, except in the 
case of some a.c. windings. The drawing is then photo- 
graphed and reduced to the required size to produce a 
block which is used as a “‘master’’. The expense involved 
in preparing a new master is therefore fairly 
appreciable in comparison with the produc- 
tion costs. 

The advantages of these disc-type armatures 
are due to the fact that their conductors are 
not let into iron, as in conventional machines. 
Consequently, the self-inductance of the 
armature or its commutating sections is 
extremely low. The “Servalco’”” Type TM 
50.0 d.c. motor, for example, has an armature 
inductance of a few microhenries for a disc of 
92-mm diameter, carrying 194 conductors in 
an eight-pole arrangement. This gives 
excellent commutation and a nearly negligible 
electrical time-constant when the motor is 
used in servo-mechanisms. The armature 
of this motor has the low weight of 15 
grams and a moment of inertia of only 170 
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gm-cm?. The cooling conditions are excellent, since the 
bare copper has a large exposed surface area in com- 
parison with its section, so that current densities of the 
order of 45 A/mm? are normal under continuous running 
conditions. Furthermore, as all the losses are in the disc, 
heat is radiated from the entire mass of the motor, and 
there are only very small temperature gradients between 
the disc and the pole-pieces in the casing. 

The ampere-turns of the armature reaction obviously 
have the same value as in a conventional motor, but the 
transverse reluctance opposing this m.m.f. is considerable 
(magnets and air gaps), to such an extent that the motor 
maintains linear characteristics, even for currents up to 
7 or 8 times the nominal rated value. 

The efficiency of these flat-armature motors depends 
mainly On armature resistance, and hence on the thick- 
ness of the copper. For the Type TM 50.0 motor 
mentioned above, the resistance is 0-5 ohm with copper 
of 0-1 mm thickness; this resistance would be halved if 
copper of 0:2 mm thickness were used, but the moment 
of inertia would be correspondingly greater. These 
motors were initially designed for positional servo- 
mechanisms, for which efficiency is only of secondary 
importance. 

The most interesting feature is the absolute con- 
stancy of motor torque, even at the lowest speeds, and 
particularly during starting. This is due to three factors, 
i.e., (1) the absence of slots, with their cyclic disturbances 
of the primary flux, (2) the large number of commutator 
segments, commutation being provided by the winding 
itself (as in the original Gramme ring), and (3) the 
non-simultaneous commutation of the brushes, owing to 
the use of a series-connected wave-type multi-pole 
winding, in which the number of spirals is always a prime 
number relative to the number of pole pairs. 

The Type TM 50.0 motor, which has a nominal 
rating of 25 W at 3000 rpm, was evolved directly from 
the first prototype built in 1957, and is specially designed 
for the direct driving of the rotary potentiometers used 
in analogue computers. With a maximum torque of 
4-2 kg-cm and a low armature inertia, this motor can 
attain an angular acceleration of 29,500 radians ‘sec’. 
Its constant torque, even at very low speeds, makes it 
particularly suitable for high-precision positioning 
servomechanisms. In such applications, however, it is 
useful to provide the motor with internal damping, and 
this is achieved by using, instead of an insulating disc, 
a conductive disc, e.g., of aluminium, in which eddy 
currents are generated, the braking torque produced in 
this way reaching 0-5 kg-cm per 100 rpm. 





Fig. 4. Exploded view of the Type TM 50.0 d.c. motor with disc-type 


printed-winding armature. 
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Fig. 5. 


Apart from the Type TM 50.0 motor, other motors 
in this series have also been produced, these differing 
essentially in the diameter of the disc used. Thus, the 
Type TM 30h motor has a disc diameter of about 52 mm 
and a nominal continuous rating of about 34 W at 
3000 rpm, the type TM 40h motor, with a disc diameter 
of about 77 mm, has a nominal rating of about 14 W at 
3000 rpm, and the Type TM 90.0 motor, with a disc 
diameter of 168 mm, has a nominal rating of about 
225 W at 3000 rpm. The largest motor in this series, i.e., 
the Type TM 120.0, has a disc diameter of about 220 mm 
and a nominal rating of about 550 W at 3000 rpm. To 
give an idea of the size of these motors, it may be 
mentioned that the Type TM 90.0 motor (Fig. 5) has an 
overall diameter of 190 mm and a basic length of 90 mm, 
and weighs about 7 kg. 

In addition, motors using printed windings and a 
ferrite stator have been developed for a number of 
applications, including their use in fans. These low-cost 
motors, which are suitable for mass production, utilize a 
simple annulus of hard ferrite with a very powerful 
coercive field. The ferrite ring, with heteropolar mag- 
netization on one of its faces, and the printed disc-type 
armature are the only two main components of the motor. 
The ferrite, being an insulator, can act as a guide for the 
brushes, while the induced flux is closed by a simple 
pressed sheet-metal cover. 

It should be appreciated that the performance of 
motors with printed-winding disc-type armatures can be 
computed in terms of the disc diameter D, assuming that 
the number and thickness of the conductors are propor- 
tional to D. If K = D, Do is the similarity ratio, where 
Do is the reference diameter, then the e.m.f. and torque 
per ampere are proportional to K*, while the armature 
resistance is proportional to K and the maximum torque 
is proportional to K*. The torque rating under condi- 
tions of continuous operation can be estimated theoretic- 
ally in terms of K3"°, but in actual practice it depends on 
the cooling conditions, and hence on speed and motor 
size. 
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The type TM 90.0 d.c. motor with disc-type printed-winding armature. 


It will be appreciated from the above that the power 
obtainable with motors fitted with disc-type armatures 
increases rapidly with disc diameter. However, it is also 
possible to increase torque rating, without altering the 
diameter of the disc, merely by fitting a number of discs 
on the same shaft. The simplest arrangement of multi- 
disc motors of this type consists of two discs mounted 
side by side and operating in the same air gap. To 
compensate for the wider air gap, the stator has two sets 
of peripheral magnets facing one another, the flux path 
being closed by the housing, which comprises two shell- 
like half-sections joined together in the horizontal plane. 
The effective induction in the air gap is thus greater than 
it is in a single-disc motor, and the losses are reduced. 
The plane of separation passes through the centre of two 
opposite poles, which form two half-magnets in parallel. 
Each half-shell assembly can be magnetized separately 
with a zero air gap, and the magnets are then separated 
and spaced by means of a distance-piece to obtain the 
required air gap. 

One four-disc motor of this type has discs of 190 mm 
diameter and can develop a constant torque of 100 kg-cm 
at speeds of from | to 3000 rpm. This motor incorporates 
feedback controls, with a “resolver” for low speeds and a 
tachometric control for higher speeds, the resolver and 
the tachometric generator, both of which have printed 
windings, being keyed to the motor shaft. 

At this stage, it should be mentioned that, although 
the prototype motor, the stator of which is shown in 
Fig. 1, was designed for alternating current, all the motors 
so far discussed are intended for use with direct current. 
However, it should be noted in this connection that, in 
principle, there is no fundamental difficulty involved in 
extending the printed-winding technique to single- or 
multi-phase a.c. motors. In fact, a two-phase six-pole 
stator of this type has been successfully used in a resolver. 
This stator is provided with a_ printed winding, 
specially adapted from conventional winding techniques, 
using only one entering conductor and one exit conductor 
per slot. For use in the resolver, the rotor was produced 
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in the same way, but is connected to slip-rings which are 
also printed. The magnetic circuit is formed by two rolls 
of thin sheet metal with insulated surfaces. The windings 
are printed on a supporting sheet, made from a polyester 
resin of 0-5 mm thickness, and are bonded to the care- 
fully rectified magnetic circuits, with another thin sheet 
of polyester resin interposed for insulation. This 
arrangement obviously results in fairly large air gaps; 
consequently, the inductances are reduced in order to 
limit the magnetizing power. 

Actually, this example shows that it is not profitable 
to try to make a printed-winding type of motor with the 
same features as a conventional motor; in fact, it is 
preferable to develop designs in which the salient 
features and basically different properties of printed 
windings are fully utilized. In the case of synchronous 
machines, for instance, it is the geometrical accuracy of 
the windings that should first be made use of in new 
designs of multi-pole machines, which can then be 
developed for improved performance. 

It is not, of course, suggested that these printed- 
winding electric motors will ever supplant conventional 
motors in most industrial applications. At the moment, 
they are mainly intended for use in servomechanisms, an 


application for which they are especially suitable, as they 
can be coupled directly to the load. Thus, for instance, 
with a conventional motor for positioning a computer 
type of potentiometer, it is usually necessary to interpose 
a reduction gear of, say, | : 100 between the motor and 
the load. Under these conditions, even with a motor 
capable of attaining on its own an acceleration of 40,000 
radians /sec”, it will not be possible to exceed 1°) of 
this value, i.e., 400 radians sec*. On the other hand, a 
printed-winding type of motor, such as the TM 50.0, 
driving a load with an inertia equal to its own, can reach 
an acceleration of 12,000 radians sec”, i.e., 30 times 
greater, and would operate without a reduction gear, It 
would appear that, in nearly all conventional servo- 
control systems, 90% of the energy put into the system 
serves to accelerate the motor itself and not the load. 

A fully transistorized experimental positional-control 
unit has been developed, in which a Type TM 50-0 motor 
gives the required position with an accuracy of about 
0-5 deg. and an effective shaft torque of 0-8 kg-cm. The 
frequency of the system reaches 100 cps, though the 
maximum current supplied by the transistors is limited 
to about 12 A, which is well below the capacity of the 
motor (about 30 A.). 


Determination of Minimum Bend Radius from 
Standard Tensile Test Results 


By J. DatsKo and C. T. YANG 


From Materials in Design Engineering, U.S.A., 
Vol. 51, No. 5, May 1960, 
pp. 128-129, 2 illustrations. 


WITH the increasing use of high-temperature materials 
requiring sheet-metal forming, it is of importance to treat 
the subject of minimum, or “‘critical’’, bend radius 
analytically. Based on the assumption that the fracture 
strain in the outer fibre of a bending specimen is equal to 
the true strain in a tensile test specimen, two equations 
have been derived for mathematically relating the 
minimum bend radius R to the percentage reduction of 
area A, for any given thickness t. These equations, 
which express the bend ratio R/t in terms of percentage 
reduction of area A,, for values of A, less than and 
greater than 20%, are as follows:— 


R/t = (SO/Ar)—1 .. 6s Xe _ (1) 
where A, 20% 
R /t = (100—4A,)? /(200 A,—A,?) .. " (2) 


where A, > 20%. 


Both these equations are plotted in Fig. 1 for all 
values of A,, eq. (1) being sufficiently valid for values of 
A; of less than 20% (represented by the thick solid line in 
Fig. 1). For values of A; greater than 20%, the difference 
in the curves for eqs. (1) and (2), as represented respec- 
tively by the thin solid line and thick dotted line in Fig. 1, 
becomes significant, so that eq. (2) must be used for 
values of A, which are greater than 20%. This change- 
over at Ar = 20% was decided on by experience. 

To confirm this mathematical analysis, tensile and 
bend tests were conducted on a number of flat tensile 
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specimens cut from magnesium, aluminium, brass, steel, 
cast iron, titanium, and polystyrene bar stock, three 
specimens of each material being tested in most cases. In 
addition, some round tensile specimens were tested, in 
order to determine the agreement between the two shapes. 
A 30-ton universal testing machine was used to pull the 
specimens until they fractured, their cross-sectional areas 
being measured before testing and after fracture. 

Two methods were employed for the bending tests. 
In one of these, the flat rectangular specimen was 
supported horizontally on two rolls and the load was 
applied vertically between them by a third roll. During 
the test it was necessary to stop loading at regular 
intervals and to search for small cracks on the outer fibres. 
When cracks appeared, the inner radius of the bent 
beam was measured by radius gauges. In the second 
method, the specimen was held upright in a vice clamped 
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Fig. 1. Curves of bend ratio R/t as a function of percentage 


reduction of area A,, corresponding to eq. (1) (solid lines) and 
eq. (2) (dotted lines). 
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on one end, and a bending moment was applied to the 
other end. Both methods gave similar results, but the 
second method was more rapid. 

It was found that the experimental data points fell 
reasonably well along the theoretical curves in Fig. 1, 
and it appears that these curves can be used to determine 
the minimum bend radius R for any material for which 
the percentage reduction of area A, is known. Although 
experiments with plastics were too limited to allow valid 
conclusions to be drawn, it would seem that these equa- 
tions will be equally valid for non-metallic materials. 

When dealing with very elastic materials with no 
plasticity, the elastic spring-back must, however, be 
taken into account. Thus, for example, an allyl-ester 
cast sheet commonly used in photo-elasticity studies has, 
when normally tested, a zero percentage reduction of 
area. Nevertheless, a 4-in. sheet of this material can be 
bent to a 2-in. radius before it fractures and, after 
breaking, the bend specimen is perfectly flat, indicating 
complete spring-back. Consequently, when conducting 
the tensile test, the actual area must be measured just 
prior to fracture. If this is done, a 3°% reduction of area 
will be found and, with this correction, the results for this 
material would also fit the curves in Fig. 1. 


With regard to aluminium, steel, and the soft brasses, 
which have a reduction of area greater than 50%, the 
theoretical curves in Fig. 1 predict that these materials 
can be bent to an R/t ratio approaching zero, and this is 
substantiated in practice. These ductile materials can be 
bent double, with one face in contact with itself, without 
the appearance of cracks. 

Another interesting point borne out by the tests is the 
relationship between 2011-ST6 aluminium alloy, usually 
considered quite ductile, and thoriated magnesium alloy, 
usually considered quite brittle. As the theoretical 
curves approximately predicted, the aluminium alloy, 
which has a reduction of area of about 6:-4°%, can be bent 
to an R /t ratio of only 9 or 10, while the magnesium alloy, 
which has a reduction of area of about 19%, can be bent 
to an R/t ratio of about 3. 

Although not used to plot the curves in Fig. 1, the 
following empirical relationship has also been derived:— 


R/t = (60/Ary)—1 .. ss = si (3) 


This relationship has also been found satisfactory for 
ductile materials having a shift in the neutral axis in 
bending and gives approximately the same results as 
eq. (2) in Fig. 1 for Ar values between 20% and 60%. 


Cooling Cutting Tools with Atomized 


Emulsions or Oils 


THE provision of a cooling system for cutting tools in 
single- and multi-tool automatic or semi-automatic 
machine tools often presents considerable difficulties. 
Also, many machining operations, particularly cutting 
steels with carbide tools, cutting gunmetal, and sharpen- 
ing high-speed-steel cutters and twist drills, must be 
carried out without a coolant, and their efficiency is 
therefore limited. In order to solve these problems, 
experiments have been carried out in Russia in connection 
with the use of atomized emulsions and oils for the cool- 
ing of cutting tools in many machining processes. 
Various types of equipment have been tried out in 
several metal-cutting operations, and the effects of using 
atomized cutting fluids have been examined with respect 
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Fig. 1. One type of equipment used for spraying atomized 
emulsions to the cutting zone. 
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+~7 the design of the nozzle. 
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to tool wear, surface finish, and productivity. Fig. 1 
illustrates one type of arrangement used for spraying 
atomized emulsions into the cutting zone. In this equip- 
ment, compressed air enters from the mains through a 
pipe (1) into a pressure reducer (2), where its pressure is 
decreased to about 2 to 3 atm, this pressure being 
maintained throughout the system. The admission of 
compressed air into the mixing area is controlled by a 
valve (3), from which compressed air enters the injector 
(4) and also the tank (7), which contains about 
6 to 7 litres of emulsion, the emulsion rising into 
the injector (4), where atomization takes place. 
The atomized emulsion, mixed with compressed 
air, finally passes through a shut-off valve (5) 
to a nozzle (6), and into the cutting zone. 

The main parameters of the process, i.e., the 
composition of the spray, the stability of flow, 
the speed of the atomized mixture, and con- 
sequently the cooling effect of the spray, largely 
depend on the construction of the injector and 
Several types 

of injectors and nozzles have been tested, 

one of the most suitable designs of injector 

being shown in Fig. 2. In_ this arrange- 

ment, the emulsion enters from the tank via a 

pipe (3) into the mixing zone (2), the amount of emulsion 

admitted and thus the degree of atomization being 
controlled by a conical needle-type regulator (1). 

The shape of the nozzle can be varied according to the 
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type of machining carried out or cutting tool employed. 
One of the most adaptable types of nozzles is made of 
copper or brass tubes brazed together, having a final 
internal diameter of 4 mm and fitted at the end with a 
cap of copper mesh, as shown in Fig. 3, this cap being 
provided to reduce noise and to improve the uniformity 
of spraying. To compensate for the reduced speed of 
spraying caused by the mesh, the normally used pressure 
of the air is increased by from about | to 1-5 atm. 

For certain machining operations using atomized 
emulsions, simplified atomizing equipment has been 
tested, this consisting essentially of a conventional 
mixing nozzle, similar to that used in metal spraying. 
In this nozzle, compressed air is admitted into the central 
pipe from the mains at a pressure of from about 3 to 4 
atm, and the emulsion through a separate line at a pressure 
of from | to 2 atm, atomization and mixing taking place 
in the head of the nozzle. The main advantage of the 
use of this nozzle is that it eliminates the possible danger 
of condensation of emulsion in the pipe prior to spraying 
the mixture into the cutting zone. 

An arrangement of more intricate design has been 
constructed for use with cutting oils. In this equipment, 
the compressed air, immediately on entry, entrains the 
droplets of oil, which are fed from a special injector, and 
the whole system is kept under the pressure of the mixture 
of compressed air and atomized oil. During circulation 
of this mixture in the equipment, the larger droplets of 
oil fall back into the reservoir, only the smaller droplets 
being sprayed into the cutting zone. As the amount of 
the atomized oil spray required is necessarily much lower 
than that required for atomized 
emulsions, the oil consumption 
of the system is comparatively 
insignificant, and the capacity 
of the oil container does not 
exceed 150 to 200 millilitres. 


Fig. 2. One design of 
injector for regulating the 
atomization of emulsions. 











Representative examples of the use of atomized cutting 
fluids include its application to copying lathes and to 
certain automatics, and to such processes as milling with 
end mills, machining components on vertical turning and 
boring mills, and grinding and sharpening cutting tools. 
Favourable results have also been achieved in reaming, 
threadcutting, counterboring, and drilling operations. 
During experiments on copying lathes, it has been found 
that, at cutting speeds below 100 m/min, the use of 
atomized oils is most effective, while at higher cutting 
speeds atomized emulsions give better results. 

The beneficial effects of the new method on the wear 
of cutting tools have also been established in a number of 
comparative tests carried out on automatics, copying 
lathes, and milling machines, using conventional and 
atomized cooling methods. These tests were carried out 
on various materials, including medium-carbon and 
alloy steels of from 146 to 268 Brinell hardness, machined 
at speeds of from 19-5 to 66:5 m/min and with feeds of 


88 


from 0:06 to 0°61 mm rev. It was found that, compared 
with the use of conventional methods of cooling, the 
wear resistance of cutting tools was increased by a factor 
of trom 1:5 to 5 when atomized coolant was used, 
Another comparative experiment was carried out in 
connection with the milling of high-alloy steel compo- 
nents using compressed air and atomized fluid as the 
coolants. Here again, a marked improvement was 
obtained with atomized coolants, the wear resistance of 
the milling cutter used being increased by a factor of 
between 4 to 5, compared with the use of compressed air 
alone. A further advantage of the new method is that the 
atomized cutting fluid quickly evaporates from the 
surface of the tool and the component, improving 
visibility. Also, in a great number of machining opera- 
tions, a considerably improved surface finish has been 
obtained with the use of atomized coolants. 

Under operating conditions, special attention must 
be paid to the concentration of the atomized mixture; in 
the case of emulsions, the delivery of spray should not 
exceed 200 gm/hr, as larger deliveries have deleterious 
effects on machining conditions. The optimum direction 
of spraying is from the rear of the cutting edge of the 
tools, though this is in certain cases impracticable; in 
such cases, the face of the cutting tool should be sprayed. 
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Fig. 3. Spray nozzle with copper-mesh end-cap. 


Following these tests, this atomized cooling method 
has already been introduced successfully for use in semi- 
automatic and hydro-copying lathes, and on milling and 
grinding machines. Thus, in the conventional milling 
of babbitt metal, machining is generally interrupted 
several times, because the milling cutters become clogged 
with chips. However, by using atomized coolants, 
milling can be carried out continuously without interrup- 
tion. Similarly, when machining a medium-carbon steel 
component of 156 to 217 Brinell hardness on a copying 
lathe with conventional cooling methods, a feed of only 
0:30 mm ‘rev was permissible, whereas, with an atomized 
coolant, it has been found that the feed not only could 
be increased to 0:64 mm_/ rev, but that there was also an 
improvement in the wear resistance of the cutting tool. 

Specially beneficial results have been obtained by 
using atomized coolants on grinding machines. For 
instance, certain components made of tool steels have 
hitherto been ground dry, often resulting in considerable 
distortion. In addition, grinding must frequently be 
interrupted to permit cooling of overheated components, 
The use of atomized emulsions in these cases has made it 
possible to carry out grinding without interruption, and 
to eliminate cracking and burning of the workpiece. 
The new method is also being applied to the sharpening 
of profile milling cutters, twist drills, and other cutting 
tools. Thus, conventional methods of sharpening drills 
often lead to overheating of the cutting edges of the drill 
and to warpage. With the use of atomized coolants, 
however, the drills are virtually cold when removed from 
the sharpening machine and no distortion occurs. 
Similar good results are reported in connection with the 
sharpening of high-speed-steel cutting too!s, which have 
hitherto been sharpened without any coolant. 
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Spirolox retaining rings are made from two or more 
concentric turns of high grade flat spring steel. Spirolox 
have great strength, they can be assembled without the use 





of special tools, and do not tangle in storage. 


Spirolox rings come in a large variety of sizes to suit every 
application. And Spirolox rings really lock. WELLWoRTHY 
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NobUux Gréasé. is a lithium base 


lubricant of excellent structural stability and 
purity. It is a new, general-purpose grease 
superseding conventional greases. It provides 
effective lubrication for the majority of grease 
applications over a temperature range from 
minus 20 F to 250 F. It is exceptionally resistant 
to water washing and contains special 
additives to prevent rust formation. Both in 
the laboratory and in the field Mobilux Grease 
has proved its outstanding efficiency as a 


lubricant and protector. 
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British Industrial Developments 


Heavy-Duty Double-Column 
Combined Planing and Milling 
Machine 


As announced by George Richards & Co. Ltd., of 
Broadheath, Altrincham, Cheshire, the heavy-duty 
double-column combined planing and milling machine 
shown in the illustration has recently been completed 
for the Manchester works of the A.E.I. Heavy Plant 
Division. The sliding table, which is 13 ft in width and 
32 ft in length and has a working stroke of 32 ft, is 
liberally provided with tee-slots for work-clamping 
purposes and will carry a working load of up to 50 tons, 
with a maximum height of 10 ft. The bed, of heavy box 
section, is strongly reinforced by internal ribbing and is 
provided with four slideways, each 64 ft in length, which, 
together with a total bed width of 11 ft 6 in., give adequate 
support to the sliding table throughout its maximum 
stroke. 

Lubricating oil, obtained from a sump in the bed of 
the machine, is supplied to the four bed slides and the 
driving worm-box in the centre bed, by means of three 
motor-driven oil pumps. Unless the oil pumps are 
running, starting of the main motor and the milling-feed 
motor is prevented by electrical interlocks. The bed is 
provided with oil sumps along its length and at each end, 
to receive surplus oil from the bed slide during the traverse 
of the table. Special attention has been paid to the 
maintenance of a pressurized oil film under the table 
slides, ensuring a smooth and steady motion when 
utilizing the very low table feeds required for milling. 

The machine is driven from an a.c. supply through a 
Metropolitan Vickers Ward-Leonard set and a 100-hp 
variable-speed d.c. motor. Cutting and return strokes are 
controlled by entirely independent rheostats, and a range 
of speeds from 16 to 130 fpm is available in both direc- 
tions. The main motor is located at the side of the 
machine, parallel with the table, and has speeds of 
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75/300/600 rpm, the drive being transmitted through a 
flexible coupling to a worm reduction box. 

Two tool-boxes are fitted on the cross-slide and are 
provided with hand, automatic, and rapid power traverse, 
both vertically and horizontally, angular adjustment also 
being provided by means of a worm and quadrant. The 
heads are independent of each other, the feed-boxes 
giving a fine range of feeds from ,', to } in., and a coarse 
range of feeds from 4 to } in. per stroke of the table to 
the cross-slide boxes horizontally, and to the side-boxes 
vertically. The feeds to the cross-slide boxes vertically 
and to the side-boxes horizontally are half those provided 
on the cross-slide horizontally. For the return stroke, 
the tools are lifted by compressed-air cylinders, in 
conjunction with electro-pneumatic valves, and remain 
in the raised position until the tools start cutting again. 
In the event that the table stop-button is pressed during 
the return stroke, these valves still continue to operate 
the tool lift, thereby preventing damage to the tool or 
workpiece. Each head is controlled by its own switch on 
the control desk, so that the lifting arrangements are 
quite independent of each other. Side tool-boxes are 
fitted on each upright, and automatic feed and rapid 
power traverse are provided in the vertical and horizontal 
directions, with hand adjustment in both cases. Here 
again, tool lifting is accomplished by means of com- 
pressed-air cylinders. Feed and rapid power traverse 
motions are electrically interlocked, thereby preventing 
any damage resulting from simultaneous engagement. 
Power to operate these two motions and the cross- 
milling feed is d2rived from a 10-hp motor. The cross- 
slide is of substantial depth and, where it fits on the 
uprights, has increased depth, in order to eliminate 
deflection and to counteract torsional stresses set up by 
heavy-duty cutting. Locking of the cross-slide is accom- 
plished by means of two 2-hp motors, flange-mounted 
on the back of the cross-slide, between the uprights. 
Through suitable gearing, each motor operates two 
clamp-plates which bear on the inner square lock of the 
upright, one at the top and the other 
eS at the bottom of the cross-slide. 
eens oo oo These motors are also interlocked 
/ with the main motor, to prevent the 
table being put into operation while 
the cross-slide is unlocked. Raising 
and lowering of the cross-slide are 
effected by a 174-hp motor, mounted 
in the cross girth. This motor is 
interlocked with the  cross-slide 
clamping motors, to prevent the 
elevating mechanism being operated 
whilst the slide is locked. _Limit- 
switches are provided at the top 
position of the cross-slide, to obviate 
damage due to over-run, similar 
provisions being made for the 
bottom unit of the side tool-boxes, 
to prevent collision of the cross-slide 
and side tool-boxes. Machine 
movements are controlled from two 
pendants, one tocontrol all standard 
motions, and the other to control 
milling motions. 
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Radicon—the quick answer on speed reduction 


The quickest way to solve your speed reduction problems 
is to call in David Brown. Their stock range of RADICON 
speed reducers covers all reasonable requirements and offers 
for your choice, 330 combinations of type, size and ratio in 
standard units from 2} to 14—available for despatch within 24 
hours. 

Behind every ‘Radicon’ there are 100 years of sound tech- 
nical and production experience. In front of every “Radicon’ 
there is a long, long life of hard, hard work. 

If your problem is urgent, write for catalogue F.487.20. 
If it’s desperate, please telephone. 


RADICON DIVISION, (SIZES 2} to 28) * PARK WORKS * HUDDERSFIELD * 


DAVID 
BROWN 


YEARS 
1860-1960 


THE DAVID BROWN CORPORATION 


(SALES) LIMITED 


THE ENGINEERS’ 


TELEPHONE: 3500 
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Milling feeds to the table are obtained by means of an 
auxiliary reduction box, connected to the main reduction 
box, a fine range of feeds of from 1 to 8 ipm, and a coarse 
range of from 3 to 24 ipm, being available. These feeds 
are derived from a 16-hp variable-speed motor, inter- 
locked with the main drive motor to prevent conflicting 
motions from being engaged. The cross-milling feeds 
are the same as the longitudinal feeds, rapid power 
traverse being obtained from the same motor. The 
motor driving the milling spindle is a 40-hp d.c. variable- 
speed type which, in conjunction with gear changes, 
provides spindle speeds ranging from 20 to 200 rpm. A 
fine manual vertical traverse is provided to the milling 
spindle for vertical adjustment of the milling cutter. 
Cross traverse to the milling head is effected by means of 
ascrew and nut. Neither the cross nor the longitudinal 
feeds are available until the cross-slide is locked. A sliding 
catwalk and ladder are provided to the milling head. 

A substantial floor-mounted cubicle houses the main 
control and feed contactors, and a large desk, con- 
veniently placed for the operator, is used for the push- 
button controls, which provide for raising and lowering 
of the cross-slide, locking and unlocking of the cross- 
slide, and starting and stopping the oil pumps. In 
addition, on and off switches are provided for each of the 
tool-boxes, for the table milling head, etc. Also mounted 
on the desk are handwheels for controlling planing 
speeds, table feeds, and milling-spindle speeds. 


Liquid-Blending Machine 


Capable of suiting a wide variety of industrial pro- 
cesses, a new blending machine produced by Suba 
Hydraulics Ltd., of Sutton, Surrey, brings together two 
or more liquids and delivers them in a prearranged 
proportion through a diffuser just prior to delivery, 
eliminating the problems usually associated with pre- 
mixed blends, such as settling out while in the storage 
vessel, and also the need for intermediate tanks and 
pumps. 

The original model was specially produced for the 
Ford Motor Co. Ltd. for the rapid filling of radiators 
with a mixture of 75°, water and 25°, anti-freeze. 
However, by micro-adjustment of the cylinders, a range 
of 84°, water and 16°% anti-freeze to 67°% water and 33% 
anti-freeze can be achieved. Subsequent units for the 
same purpose have been produced, with a total range of 
from 80°, water and 20°% anti-freeze to 50°, water and 
50°, anti-freeze, in each case with the addition of a small 
percentage of soluble oil. In the original unit, mains 
water pressure is used to energize the water cylinder 
which, in turn, drives the other liquid cylinders. For 
other blends, different liquids under pressure can be 
used or, if desired, air pressure. The unit is interlocked 
through each liquid in such a way as to shut down the 
equipment if the operator should allow any of the 
liquids to run dry. The liquids can be fed into the 
reservoir compartment either by gravity, a local barrel, 
ora pump. In the case of units which are required to 
handle inflammable liquids, the complete elimination of 
electrical units can be arranged. 

All liquid-handling cylinders are made of brass, while 
end castings, pistons, and valves are of bronze, and pipes 
and fittings are of galvanized steel. The tanks and cover 
are of mild steel, the inside of the tank being treated with 
an alcohol-resistant dressing. If necessary, however, 
Stainless steel can be used at all points where contact is 
made with the liquids being handled. 
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Wedge-Belt Drives 


Providing the advantages of greater slimness, 
lightness, shortness, and cheapness, the new ‘‘Space- 
saVer’’ wedge-belt drives introduced by J. H. Fenner & 
Co. Ltd., of Hull, require the use of only two belt sections, 
i.e., and 3 in., to cover every normal drive up to 200 hp, 
the range of belt lengths and pulley diameters being 
selected, on international standardization principles, to 
give a complete coverage of all usual drive requirements. 

As shown in Fig. 1, these wedge-belts make full use of 
the strength and flexibility of Terylene cords for pulling 
the load, the cords being encased in and absolutely 
bonded to a synthetic rubber which provides great section 
stability and keeps the load-carrying cords exactly 
where they can do the most work with the least stress to 
themselves. The rubber used also confers the added 
advantages of heat and oil resistance and adequate 
electrical conductivity. In addition, new pulley designs 
take full advantage of modern controlled casting methods 
to give stronger, but lighter, pulleys. 

NARROW TOP WIDTH 
NEW TOUGH 


FLEXIBLE 
COVERS 








NEW CROWNED Top 


TERYLENE 
TENSILE 
CABLES 


BRIDGE SECTION BASE 


Fig. 1 


Quite apart from their other advantages, one of the 
most outstanding features of these new wedge-belt drives 
is their saving in width, weight, and cost, as well as a 
reduction in centre distance and in the diameters of the 
driving and driven pulleys. In this connection, it may be 
said that the saving in width can amount to from 45°% to 
55°, in weight from 35°, to 45°,, and in cost from 20°, 





Fig. 2 
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to 35°, with corresponding reductions in centre distance 
from 5°,, to 20°% and in pulley diameters from 10°% to 
20%. Some idea of the reduction in size afforded by 
these drives is illustrated in Fig. 2, which shows for 
comparison a conventional Vee-belt drive and the 
equivalent ‘“‘SpacesaVer’’ wedge-belt drive. 


Flexible Couplings 


Developed in the U.S.A. and now produced in the 
U.K. under licence by R. & J. Dick Ltd., of Glasgow, 
§.E., ‘‘Quadriflex’’ couplings have exceptionally high 
torsional flexibility, i.e., 1S deg. at peak torque, and the 
ability to absorb vibration and shock, thus resulting in 
smoother operation for both driving and driven equip- 
ment. In addition, they can cater for angular mis- 
alignments up to | deg., parallel misalignments up to 
3} in. (depending on shaft size), and free end-float up to 
+ in. (depending on coupling size). There are no over- 
hung loads placed on the driving and driven shafts, 
thereby ensuring longer bearing and shaft life, and the 
external finish of the coupling, as shown in Fig. 1, is 
smooth, with no protruding nuts or bolts. 


Fig. 1 


The essential simplicity of cesign of these couplings is 
apparent from the exploded view in Fig. 2, from which it 
will be seen that the *‘Quadriflex’’ coupling basically 
comprises two flanges and a two-piece flexible rubber 


Sleeve fitted with teeth. These teeth lock into teeth on 
the flanges without clamps or screws and tighten under 


Fig. 2 
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torque to provide a smooth transmission of power. 
There is no metal-to-metal contact, and the absence of 
wear eliminates the need for lubrication or maintenance. 
Operation is completely noiseless, and the coupling is 
unaffected by abrasives, dirt, or moisture. Installation 
is simple and rapid, all that is required being to slide the 
two flanges onto the shaft, fasten one flange in place, 
insert the two-piece rubber sleeve, and then slide the 
second flange into position and fasten it. Alignment 
can be checked with a straight-edge placed across the 
outside of the precision-machined flanges. A retaining 
ring is supplied for high-speed operation. 

At present, these couplings are produced in nine 
sizes, ranging from the No. 4 coupling, 24 in. in diameter 
and 2% in. in length and weighing 2 lb, to the No. 12 
coupling, 10 in. in diameter and 8} in. in length and 
weighing 65 lb. Maximum speeds range from 7600 rpm 
for the No. 4 coupling to 1900 rpm for the No. 12 
coupling, with respective peak torques of 108 Ib-in. and 
7190 Ib-in. 


Worm-Gear Jacks 


A new standard range of worm-gear jacks, known as 
the Duff Norton 1800 series, has been introduced by the 
Consolidated Pneumatic Tool Co. Ltd., of London, 
S.W.6. The range consists of eight units, with capacities 
of from 2 to 100 tons, specifically designed for building 
into machinery and equipment where jacking duties 
are involved. Being mechanical in operation, the jacks 
can be connected by means of shafting and mitre-gear 
boxes to lift in unison, even with an unevenly distributed 
load. They are self-locking and can be used to hold loads 
of several hundred tons in position indefinitely without 
the occurrence of creep. 


Features common to all jacks in the range include the 
use of heat-treated phosphor-bronze worm-gear teeth, 
the use of Alemite grease nipples, and the absence of 
keying in the lifting screw, allowing the top to be bolted 
to the member being raised and thus preventing the jack 
from turning. A clockwise rotation is employed for 
lifting the load. the maximum worm-gear speed being 
500 rpm. In the smallest and in the two largest jacks 
in the range, a ball race and grease seal is fitted at each 
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Slippers 
made of 
Ferobestos 











The versatility of 
Ferobestos springs from its many 
exceptional qualities 


Wearing slippers is only one of the 
engineering applications of Ferobestos— 
the versatile, asbestos-reinforced plastic 
material. Here are just a few more of the 
ways Ferobestos can be used :— 


great physical strength 
high strength to weight ratio 
high temperature resistance 
low moisture absorption 
good chemical resistance 
high wear resistance 

good electrical resistance 
high dimensional stability 
low coefficient of friction 


Bushes 

Coupling Discs 
Bearings 

Guides 

Gears & Rollers 
Piston Rings 
Mounting Pads 
Compressor Blades 
Thrust Washers } 
A number of special grades of Ferobestcs 

are made for particular applications 
including silicone impregnated icr 

greater heat resistance, and graphite 
impregnated for more efficient 


lubrication. Ferobestos gear wheels ) 
ensure silence in operation. 





Ferobestos can be supplied from stock in 
sheets, rods, and tubes. Special 
mouldings can be made to order. We 
shall be glad to recommend and advise 
on the possibilities of Ferobestos as 
applied to any particular industry. 





J.W. ROBERTS LTD 


Chorley New Road, Horwich, BOLTON. Tel: Horwich 840 
Branch Sales Offices: LONDON, GLASGOW, BIRMINGHAM, LEEDS. 
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end of the worm, whilst, for jacks of from 5 tons to 
25 tons capacity, taper bearings are used for this duty. 
The closed height of the range lies between 5} in. for 
the 2-ton model and 24 in. for the 100-ton unit. The base 
measurements increase in eight stages, according to the 
size of the model, from 34 7 in. for the smallest jack 
to 20} 244 in. for the largest unit. The weights of 
the range, based on a 6-in. lift, lie between 17 and 1200 Ib. 
Whilst the standard range can be supplied with lifts 
of up to 24 in., greater lifts can be supplied, where 
required. 

Apart from their use as lifting jacks, these units can 
be employed as linear actuators, to push or pull hori- 
zontally, and to apply pressure in any required direction. 
For any of these duties, they can be either manually 
or motor-operated and, since all units have a common 
lifting speed, any combination of sizes can be employed 
together, operated through gearboxes and_shafting 
from a common power source. 


Low-Force Multi-Pole Plugs and 
Sockets 


Specially designed to satisfy the need for a reliable 
multi-pole plug and socket with a low insertion and 
withdrawal force, the new Ferranti ““Unitor’’, announced 
by Ferranti, Ltd., of Edinburgh, is particularly suitable 
for use with rack-mounted electronic equipment in which 
electrical connections are required at the rear of sub- 
units. In this type of equipment, more than a hundred 
electrical connections are often required for a typical 
sub-unit, so that the importance of a low insertion force 
can well be appreciated. In this respect, the ““Unitor”’ 
is more than satisfactory, inasmuch as, apart from its 
reliability, it has the unusually low nominal insertion 
force of 4 oz per pole, this being achieved by a special 
construction of the socket clips, the jaws of which are 
actuated by independent springs. 

An important feature of the design is the fact that the 
total insertion force is directly proportional to the number 
of poles. The withdrawal force is approximately two- 
thirds the insertion force, and there is considerable 
tolerance to misalignment. At present, units with 35, 
70, and 91 poles and with silver-plated contacts are in 
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production, all units being polarized. These silver-plated 
types have a current rating of 5 A, a maximum working 
voltage of 500 V, and a contact resistance of 2 milli- 
ohms. The overall dimensions of the 70-pole unit 
illustrated are 1-9 in. in width by 3-52 in. in length. 
In addition to units with silver-plated contacts, all these 
types are available with hard gold-plated contacts, 
making them specially suitable for use in polluted 
atmospheres and offering superior contact performances 
where extremely low voltages are encountered. 


Direct-Reading Oscilloscope 


As announced by the sole distributors in the U.K., 
Leland Instruments Limited, of London, S.W.1, the new 
type-425 oscilloscope manufactured in the U.S.A. by The 
Allen B. Du Mont Laboratories, of New Jersey, incor- 
porates the first direct digital reading system in an 
oscilloscope. The instrument is a high-frequency unit 
for use from direct current to 60 Mcs (down 3dB at 35 
Mcs), designed around an entirely new Du Mont tube 
which operates with 12,000-V acceleration potential, 


giving extremely high sensitivity, high light output, 
Scm. 


and high resolution on its display area of 10 








The instrument is built on the modular constructional 
system, and a variety of plug-in modular units is avail- 
able, enabling the range and performance of the oscillo- 
scope to be varied and extended in a number of ways. 
Its construction in five easily replaceable units appreciably 
reduces the normal maintenance problems. The unique 
numerical read-out system ensures increased accuracy, 
because the possible errors of interpolating and con- 
verting mathematically have been eliminated. Not only 
is considerable time saved in measuring, reading, and 
interpolating the normal visual signals, but the digital 
read-out makes it possible for unskilled personnel to use 
oscilloscopes in  production-control processes. In 
addition, the instrument may be connected directly to 
punched-card equipment for recording and analysis. 
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MAGHINED IN 40 SEGONDS 


The use of special Mulhead multi-drill heads 
on the Ryder Verticalauto enables drilling, 
reaming, countersinking and back-chamfering 
operations to be performed in addition to 
standard boring and facing work. 

The second operation on this Ford Brake 
Drum is completed at very high output rates 
on this 12-spindle No. 10 Ryder Verticalauto 


VERTICALAUTO 


Thos. Ryder & Son, Limited, Turner Bridge Works, 
Bolton, England. 

Makers also of single spindle Rydermatics and Piston 
Ring Lathes. 
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Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns are regularly 
Pp 4 s 


included in condensed form in this section. 


Subscribers may obtain photostat copies of all original articles at cost. 


An Experimental Analysis of Tandem-Mill Control Equations 


In 1955, Hessenberg and Jenkins published a theoretical 
analysis of the performance of multi-stand rolling mills, 
in which equations were developed relating the mill out- 
put to the various control parameters. The authors also 
gave a brief analysis of these equations, indicating how 
they may be used to solve problems of mill behaviour 
and to predict the outcome of any known disturbance. 

Much of the overall picture of tandem-mill behaviour 
can be established by semi-qualitative analysis of the 
control equations, and the work described in this pape 
is therefore concerned with an experimental analysis 
of tandem-mill control equations as developed by 
Hessenberg and Jenkins, a three-stand model scale mill 
being used to study the effect on steady state conditions 
of three different forms of disturbance, i.e., front tension 
changes, screw adjustments, and variations in ingoing 
gauge, the object of the experiments being to investigate 
the conditions for maximum inherent stability of the 
mill as a whole unit. 

Investigations into the effects of front tension varia- 
tion to a stand show that, for normal working, it is 
possible to adjust the drive regulation to a critical con- 
dition such that variations in front tension produce no 
change in the stand output and no disturbance is trans- 
mitted to stands earlier in the mill. The value of critical 
droop required increases with the reduction, but the 
larger the reduction, the smaller is the effect of a small 
departure from the critical setting. Providing the strip 
has been pre-rolled by at least 25°,, variations in hardness 
are not likely to affect significantly the value of critical 
droop required. 

With regard to changes in screw setting, the investiga- 
tions have shown that, when rolling strip of less than 
about 0-04 in. in thickness, and where a screw disturbance 
is made to the first of any two stands operating below 
this thickness, the change in backward slip on the 
second stand, owing to the change in entry gauge, is 


By H. Git 


From an advance copy of a paper received from 
The Institution of Mechanical Engineers, London, 
June 1960, 13 pages, 14 illustrations. 


always greater than the corresponding forward slip 
change on the first stand. It therefore follows that values 
for mill-stand rigidity and the fractional change in neutral 
point speed per unit change in torque cannot be found 
such that the outputs of the two stands vary in unison. 
Thus, constant tension can only be maintained by an 
appropriate speed-setting adjustment. 

With respect to the effects of variations in entry 
gauge, where an automatic gauge-control system operat- 
ing on the screws of stand No. | maintains the out- 
going strip thickness of this stand constant, vari- 
ations in tension can only be prevented by controlling, 
in addition, the exit velocity of the strip stand No. 1. 
This can be achieved by adjusting the regulation of the 
drive, in order that variations in forward slip are offset 
by equal and opposite changes in roll speed. When both 
the thickness and velocity of the outgoing strip of stand 
No. | are controlled in the manner described, stand No. | 
becomes a constant-output stand. This has the great 
advantage of preventing disturbances that would normally 
occur as the result of entry-gauge variations from being 
transmitted to stands later in the mill, and the operating 
stability of the whole unit is thus improved. The experi- 
ments indicate that, for reductions of the order of 30°,, 
changes in the rolling schedule are not likely to affect 
greatly the drive regulation required. It is, however, 
pointed out that, as the slip changes are small, the regula- 
tion required is also small and of the same order of 
magnitude as that normally employed on production 
plant. In this respect, further investigations may reveal 
that mills are already oferating with regulations close to 
the optimum value. 


An Improved Micro-Hardness Tester for High-Temperature Use 


MICRO-HARDNESS testing is not only efficient, but is 
frequently the only means of obtaining information on 
the strength ‘temperature dependence of hard and brittle 
materials. However, design problems become increasingly 
difficult when it is required to test very brittle materials at 
higher temperatures and lower loads. It is therefore the 
Purpose of this paper to describe the design, construction, 
and operation of an improved high-temperature micro- 
hardness tester, with a temperature range of — 190° to 
+1500° C, a load range of 5 to 1000 grams, a rate of 
loading of 0:2 to 1-2 mm min, and a time of indentation 
of 2 to 60 sec. 

One improvement in the new design lies in the method 
of loading, which is achieved with a motor drive that 
raises the specimen against a dead-weight-loaded 
AUGUST, 
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By J. H. WesTBROOK 


From ASTM Bulletin, U.S.A., 
No. 246, May 1960, 
pp. 53-58, 12 illustrations. 


indenter mounted on a counterbalanced beam, a design 
principle common to a number of commercial room- 
temperature micro-hardness testers. The inclusion of 
vacuum locks at both entrace and exit ports permits the 
specimen to be readily inserted and removed with the test 
chamber pumped down and at temperature. 

The provision of a series of contacts, relays, and 
timers renders the indenting operation automatic. To 
operate the instrument itself, a specimen is introduced 
through the entrance port and vacuum lock, lowered 
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onto the entrance chute, and pushed into the chamber 
with a push-rod, which has free motion in the first part 
of the traverse for introduction of the specimen into the 
test chamber. A fine screw adjustment permits position- 
ing of the specimen in the test chamber to +-0-0001 in. 

After the specimen is heated to the desired tempera- 
ture or allowed to reach a state of equilibrium with the 
existing furnace temperature, a loading weight is chosen 
from a set of six within the vacuum chamber and a series 
of indentations is made. A single push-button actuates 
the whole indentation and reset cycle, the specimen being 
advanced a small distance between indentations. After 
all desired indentations have been made, the specimen 


is pushed out through an exit chute into the extraction 
chamber and the vacuum lock is closed. The water- 
cooled ejector permits extraction of the specimen within 
a few minutes, following which the indentations can be 
measured at room temperature with a microscope 
equipped with a filar eyepiece. The correction for ther- 
mal contraction is commonly neglected. Particular 
attention has been paid in the design of the instrument to 
the ease of disassembly for interchange of indenters, 
replacement of the furnace core or thermocouple, and 
selection of load. In addition, several large viewing 
ports have been incorporated for visual observation of 
the operation of the various components. 


The Electroluminescence of Single Crystals of ZnS-Cu Excited with Alternating Polarity 


THE electroluminescence of single crystals of ZnS, in 
contrast with the electroluminescence of powdered 
substances is of particular importance for understanding 
the mechanism of electroluminescence. Although the 
reproducibility of the preparation of electroluminescent 
single crystals is still small, some general conclusions 
have been reached. Thus, there is fairly good agree- 
ment that electroluminescence is emitted by the same 
activators as during photo- and cathodo-luminescence of 
ZnS, while excitation by these activators is carried out 
by the accelerated electrons in regions of electric field 
concentration in the crystal in barriers. Opinions do 
not yet agree as to the structure of barriers in the same 
way as they differ as to the processes taking place in 
them. 

Barriers are assumed both on the surface (near 
electrodes) and inside a crystal, and most probably are of 
the Mott-Schottky “exhaustion” type. The electric field 
in these barriers attains pre-breakdown values of 10° to 
10° V'cm and accelerates the electrons entering the 
barrier to energies sufficient for the excitation (or rather 
ionization) of the activators. During the recombination 
of the ionized activators, light is emitted. By excitation 
with an alternating sinusoidal electric field, which is far 
more effective than a d.c. electric field, light is emitted 
in three peaks during the voltage cycle, i.e., in a peak 
which is in phase with the electric field, in a peak which 
has its phase around 150 deg. and is called the secondary 
peak, and in a primary peak with a phase position with 
respect to the voltage at about 250 deg. 

As reported in this paper, the electroluminescence of 
ZnS-Cu single crystals have been measured for the case 


By K. PATEK 
From Czechoslovak Journal of Physics, Czechoslovakia, 
Section B, Vol. 10, No. 6, 1960, 
pp. 452-467, 11 illustrations. 


of excitation with rectangular pulses as a function of the 
amplitude of the pulses and the temperature. A concrete 
model is proposed for electronic processes in barriers in 
ZnS crystals, the consequences of which for the decay of 
electroluminescence are in agreement with measurements. 
The interpretation of the results obtained is based on the 
model of two Mott-Schottky-type barriers, expanding 
and contracting with the electric field and its polarity, 
and obviously correctly represents the processes of 
motion of charges in a crystal and their recombination; in 
particular, it concretely permits calculation of the decay 
curve of both peaks. The assumption of barriers of the 
Mott-Schottky type having a thickness around 10-6 cm, 
with a concentration of the activators around 10!!/cm3, 
agrees best with the observed effects; a similar result is, 
however, obtained by assuming “depletion” types of 
barriers, with which the Schottky-type barrier is con- 
nected. Quantitative agreement with the measured time 
constants of decay requires a concentration of the 
electrons around 10!°/cm, an electric field in the barrier 
around 10° V/cm, an electron mobility of 2 102 cm?, 
Vsec, and an effective cross-section of trapping of the 
electron on an ionized activator of about 107% cm?. No 
assumption has been made about the process of ioniza- 
tion of the activators by accelerated electrons, and an 
empirical relation between the concentration of the 
ionized activators and the electric field is merely stated. 


Ultrasonic Welding of Aluminium, Copper, and Stainless Steel 


THOUGH little more than a laboratory curiosity only a 
few years ago, ultrasonic welding has rapidly become a 
tecognized production technique and has provided an 
answer to many welding problems, particularly in 
connection with joining thin-gauge materials (sheet and 
wire) and dissimilar metals. 

This article reports the results of fundamental 
research into ultrasonic welding. As some metals and 
alloys are more difficult to weld than others with this 
technique, type 1100-H1I8 aluminium alloy, type 302 
Stainless steel, and commercially pure half-hard copper 
were selected for the investigation, as experience has 
shown that these metals require a wide range of power. 
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From Metal Progress, U.S.A., 
Vol. 78, No. 1, July 1960, 
pp. 117-120, 4 illustrations. 


The results of this research showed that, with a sheet 
thickness of 0-001 in., the power required to produce a 
weld of one unit area in the stainless steel is much higher 
than required to produce a similar weld in the aluminium. 
Also, given identical thicknesses, the power required to 
produce a weld of the same area in copper is roughly ten 
times that required for aluminium. In this connection, 
it is interesting to note that stainless steel requires more 
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power than aluminium and that copper falls in between 
the two. Quite a different situation prevails in the 
resistance welding of copper and aluminium, because of 
the high thermal conductivity and low electrical resistivity 
of these two metals. Other factors to consider are the 
thermal diffusivity and the thickness of an acoustically 
absorbent plastic zone. Both should approach zero as 
the “zero thickness’ condition is approached. The 
slopes of these curves will be of significance in connection 
with the fundamental mechanism of ultrasonic welding 
techniques. 

Microscopic examination of ultrasonic welds revealed 
several features. For example, there was substantial 
internal deformation in aluminium welds, this being 
characteristic of vibratory welds in some materials. At 
the same time, the overall thickness deformation was 


Stress Corrosion of Steels for Aircraft and Missiles 


THE high speed of aircraft and missiles has necessitated 
the use of materials with high strength at ambient and 
elevated temperatures. Steel meets these requirements, 
and is now being used more extensively than ever before 
in aircraft and missiles. In the development of steels for 
these applications, it is first necessary to establish that 
the mechanical properties at ambient and elevated 
temperatures are sufficient to meet the stringent require- 
ments posed by aircraft and missile manufacturers. 
However, the evaluation of corrosion and stress-corrosion 
properties is also necessary to ensure proper utilization. 
The excellent general corrosion resistance of the stainless 
steels is well known, as are methods for preventing the 
general corrosion of steels other than stainless steels. 
The stress-corrosion properties of aircraft and missile 
steels, however, are not as well known. 

The purpose of this paper is to present the results of 
atmospheric and laboratory — stress-corrosion _ tests 
conducted on very-high-strength steels intended for 
aircraft and missile applications. The types of steels 
considered for these applications are alloy steels, 5°, 
chromium hot-work die steels, 12°, chromium marten- 
sitic stainless steels, semi-austenitic precipitation- 


negligible—generally less than 5°% of the total thickness. 
In some areas of the interface, the oxide film broke up and 
dispersed. As with aluminium, there was evidence of a 
high degree of working in the interfacial area of copper 
welds. The metal in this area may also recrystallize, and 
grains have been known to grow across the original 
interface. Strain hardening occurs in the stainless-steel 
welds. Surface films have also been dispersed. 

When the physical properties of the materials are far 
apart, as with the aluminium-steel and copper-steel welds, 
the high penetration evident with the copper-aluminium 
combination is not encountered. The lessened heat 
sink and greatly differing thermal properties associated 
with the steel-aluminium combination are reflected in 
the evidence of high temperature in the recrystallized 
aluminium structure near the interface. 


By E. H. PHELPs and A. W. LoGinow 


From Corrosion, U.S.A.., 
Vol. 16, No. 7, July 1960, 
pp. 97-107, 15 illustrations, 


hardenable stainless steels, and cold-worked austenitic 
stainless steels. The results of these tests show that 
very-high-strength alloys hardened by heat-treatment, 
like many non-ferrous alloys used in conventional air- 
craft, are under certain conditions susceptible to atmos- 
pheric stress corrosion cracking. Tempering at tempera- 
tures of 1100 F and above confers resistance to stress 
corrosion. Also, the test results indicate that austenitic 
stainless steels hardened to very high strength levels by 
cold working are not susceptible. Protective coatings 
which are anodic to steel appear to be very effective in 
preventing stress corrosion. A correlation between the 
specimen tests presented in this paper and _ service 
performance has not been established. The test results 
should be regarded as a guide to the effective utilization 
of steels in aircraft and missile applications, but should 
not be regarded as a direct indication of expected service 
performance. 


Measurement of the Total Acoustic Power of Sources of Sound in a Reverberation Chamber 


THE total acoustic power of a source of sound can be 
measured in a free field or in a reverberation chamber. 
In the free-field method, the source of sound is placed in 
a totally sound-absorbing room, and the sound intensity 
is determined all over a sphere around the source. The 
total emission is then obtained by integration (summa- 
tion) over the sphere of intensity multiplied by area. It 
is, however, difficult to make a totally sound-absorbing 
room, and a considerable number of intensity measure- 
ments on the sphere are required to obtain a satisfactory 
determination of the acoustic power. 

The reverberation-chamber method of measuring 
cannot be expected to give quite as accurate results, but, 
on the other hand, a few measurements of the sound- 
pressure level in the chamber are sufficient. The rever- 
beration chamber is a chamber constructed of highly 
sound-reflecting materials. The method of measurement 


is based on the assumption of a uniform distribution of 


sound energy throughout the chamber, and it is desirable 
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From Acta Polvtechnica Scandinavica, Denmark, 
Physics /Nucleonics Series No. 8, 1960, 
25 pages, 13 illustrations. 


that the flow of sound energy everywhere is uniformly 
distributed in all directions. This is a diffuse sound field, 
and it can only be approximated. 

The investigations described in this paper show that 
it is possible to measure the total acoustic power of a 
source of sound at frequencies of between 2 and 15 kes, 
ina reverberation chamber of 0-8 m® volume with an error 
of 1 dB. It is sufficient to carry out measurements at a few 
points within the chamber, but the microphone must be 
protected from direct irradiation from the source of 
sound, and the measurements must be made at distances 
of more than one wavelength from reflecting walls. These 
investigations have confirmed the theory of the rever- 
berant sound field. 
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New Materials, 


Processes, and Equipment 


Automatic Electronically Controlled 
Dividing Engine 

The Sperry/Orcutt dividing engine, developed by 
The Gear Grinding Co. Ltd., of Shirley, Solihull, 
Warwickshire, and The Sperry Gyroscope Co. Ltd., of 
Brentford, Middlesex, is an automatic electronically 
controlled unit which not only eliminates the possibility 
of human error, but also permits angular movements to 
be controlled to a much higher degree of accuracy than 
has hitherto been possible. Thus, the platen, which is 
31 in. in diameter and can carry loads up to 1500 Ib, 
can be positioned angularly to an accuracy of + 2 
sec., With a repetition accuracy of 0-25 sec. Posi- 
tional control is obtained from information coded on 
standard 5-hole teleprinter paper tape or from a set of 
dials mounted on the control console, positional 
accuracy being the same for both methods of control and 
not materially affected by changes in temperature or 
normal fluctuations in mains supply. The machine is 
capable of providing a reference for circular division in 
standards rooms and inspection departments; alter- 
natively, however, it can be located on a machine tool to 
provide a means of automatically indexing componerts 
to a series of positions for machining operations, as 
shown in the illustration. 





The platen of the dividing engine is driven by two 
electric motors controlled by a servo-system. Informa- 
tion for this servo-system is obtained from a series of 
electrical networks situated in the control console and 
fed from a large multi-pole synchro fitted to the underside 
of the platen. The networks are set up by relays to 
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demand a required angle, and the resultant unbalance 
voltage in the networks is fed into a servo-amplifier to 
drive the electric motors in such a direction that the 
changing synchro output will restore the network balance. 
When this balance is achieved, the motors stop in 
accordance with conventional servo theory, and the 
platen, having reached the desired position, is automatic- 
ally locked by a powerful electromagnet. The electronic 
equipment used for the servo-system is fully transisto- 
rized, and use has been made, wherever practicable, of 
printed-circuit techniques. Instructions are passed from 
the console to the dividing engine through six electrical 
cables, these being the only connections between the two 
pieces of equipment. 


Analogue-Digital Computing System 


What is believed to be a new concept of electronic 
computing and data-handling equipment, in which 
analogue and digital computing techniques are combined 
in a single system, has been developed by Redifon Limited, 
of Crawley, Sussex. The new computing system, called 
*“RADIC” (Redifon Analogue-Digital Computing Sys- 
tem), has been designed for general-purpose use as a 
system, rather than as a fixed-size computer. It is 
claimed to be the first of its kind in the world specifically 
developed to integrate effectively the stability, convenient 
input/output equipment, and extensive storage facilities 
of the digital machine with the speed of operation, ease of 
programming, and low cost of the analogue computer. 
The cost of the system ranges from about £10,000, but it 
can be easily expanded, if required, into a large computing 
system costing up to £150,000. 

A major field of application lies in the analysis and 
computation necessary for designing automatic process- 
control equipment for various complex industrial 
processes, such as may be found in the oil, steel, auto- 
mobile, aircraft, chemical, and nuclear industries. Until 
now, many of these problems could not be economically 
undertaken in terms of time and money with conventional 
computing techniques. In particular, the new system is 
considered to be the first practical tool for the analysis 
and design of heat exchangers and chemical reactors, 
which defy normal mathematical treatment and to which 
only poor approximations are available. Other particular 
uses where conventional computer techniques are not 
really adequate are in applications where quick, almost 
instantaneous solutions are required for coping with 
rapid changes of production schedules, minimization of 
transportation time and costs, and automatic sorting out 
of significant features from the large amount of statistical 
data turned out by electronic data-processing systems. 

An outstanding feature of this self-checking and 
easily expandable system, which has an accuracy as high 
as 1 part in 100,000, i.e., higher than that of a purely 
analogue computer, is the entirely new technical principle 
of “‘time-quantizing’’ used in the magnetic-tape data 
store. The use of such a store in conjunction with an 
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analogue computer s new tn itself and, together with 
this new principle, is partly responsible tor the very wide 
field of application of the system. For example, one 
application that previously has not lent itself to computing 
techniques is the accurate simulation of the time delays 
which occur in industrial processes. 

Apart from the field of engineering design, the 
system is likely to be extremely useful for statistical, flow- 
line, and systems analysis and linear programming. It is 
not, however, designed to compete with the digital 
computer in fields of pure accountancy, payroll, and 
extensive data storage, its real advantage being its speed 
of operation in applications where input data must be 
constantly changed. For commercial applications, a 
smaller version of the system, consisting only of a digital 
memory unit, integrators, and multipliers, will be made 
available as a separate item. 


Universal Dial-Controlled 
Rotary Gear-Shaving Machines 


Available in three sizes, i.e., for gears up to 8, 12, and 
18 in. in diameter respectively, or up to 12 in. diameter for 
internal gears, the new range of “870 Mark II” universal 
rotary gear-shaving machines developed by the Michigan 
Tool Company, of Detroit, Mich., is stated to combine 
greater compactness and rigidity with higher accuracy 
and simplicity of operation. The main feature of the 
machine is that it can be shifted with ease from one size 
or type of gear or from one processing method to 
another, the majority of machine settings being dial- 
controlled. Thus, by setting the appropriate dials and 
graduated scales, the machine will shave by the under- 
pass, modified underpass, or transverse shaving method, 
selection of the method usually depending on gear and 
cutter widths. 

The rate of crossed-axis feed is similarly dial-con- 
trolled, as also are the vertical feed rates for transverse 
shaving, the length of transverse reciprocation, and the 
length of work travel. A single hand-crank is used for 
raising or lowering the setting of the knee or for setting 
the amount of crossed axis. A built-in indicator-type 
vernier is provided on this scale for fine lead adjustment. 
For setting the desired amount of crown or taper, all 
that is necessary is to open two locks and to set the crown 
or taper head to the desired position, as indicated by a 
pointer and precision scale. 

By means of a dial, feed rates of from 4} to 10 ipm can 
easily be selected to suit work conditions, thus providing 
optimum feeds for both fine and coarse pitches. Length 
of travel of the work is indicated on a traverse indicator 
on the front of the machine head, setting being visual, 
using two locking-type stops, a pointer, and two scales. 
The stops rotate in a time-relation with the traverse, and 
the pointer indicates the position of the traverse slide in 
relation to the centre of the machine at any moment. 
The two stops are set to the desired travel limit to the 
right and left of the centre of the machine, using the 
inner scale. Resetting the stops automatically resets the 
trip dogs for reversing the traverse feed at the desired 
points. 

All controls and adjustments are easily accessible 
from the outside of the machine. An automatic air- 
operated positive upfeed, located in the lower base, has 
been designed for faster operation and easier setting up, 


the range being from 0 to 0°040 in. in increments of 


0-001 in. There are no switches, timers, or cams to set, 
and no wrenches are necessary for setting up. Initial 
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(approach) speed is selected with a dial. A choice of four 
fine upfeeds is provided, ranging from 0-0005 to 0-0020 
in. per stroke, merely by setting a control pointer and 
two counters at the rear of the front door in the machine 
base. Here also are located the rapid upfeed control 
knob and dial, with an instruction plate providing the 
simple set-up information. Counters for fine upfeed and 
finishing passes are on the door of the electrical panel. 
Setting up takes only a few seconds. This design also 
increases Output, since the rapid upfeed takes less than 
0°5 sec. 

The head and air-operated tailstock are located 
above the cutter, where they are out of the way of chips 
and dirt. The shaving cutter is easy to remove, since 
there are no covers or coolant spouts in the way, and the 
cutter is located at a convenient working height for the 
operator. The total height of the extremely compact 
crown and taper shaving attachment is only 4 in., 
permitting either or both crowning or tapering of teeth 
at the same time during transverse or modified-underpass 
shaving. The amount of crown is controlled merely by 
setting the attachment to the proper scale reading. To 
set for taper, a graduated eccentric bushing is adjusted 
on the attachment. Since the adjustments are indepen- 
dent of each other, any combination of taper and crown 
can be produced with the single attachment, which does 
not have to be removed when shaving gears without a 
crown, but is simply set to its zero stop and clamped. 


Explosive Press-Forming Equipment 


Based on the fact that some of the new metals and 
alloys intended for possible use in aircraft and missiles 
cannot be worked economically by means of many 
current production techniques, research has been 
carried out by the U.S. Naval Ordnance Test Station, at 
China Lake, California, with a view to developing 
alternative techniques. In this connection, their latest 
development is an explosive press, consisting of two 
opposed pistons with the specimen sandwiched between 
them. Explosive charges, fired simultaneously by a 
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high-voltage system, drive the pistons together, thus 
processing the specimen. As compared with the maxi- 
mum of 400,000 psi produced by industrial hydraulic 
presses, the new explosive press has already successfully 
produced pressures as high as 4,000,000 psi, and presses 
capable of even greater pressures are under consideration. 
It should also be appreciated that the explosive press can 
deliver these extremely high pressures in periods measured 
in millionths of a second, as opposed to the relatively long 
periods required for operation of conventional presses. 
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It is stated that the explosive type of press can be set 
up in any industrial-plant area, provided that the size of 
the explosive charge is not excessive and that the press 
itself is housed in a small bombproof type of shelter 
within the confines of the plant. Furthermore, there is 
no reason why it should not be utilized for a wide variety 
of products and projects. In fact, while it has already 
been successful with small specimens, there appears to be 
no valid objection to its adaptation for use with items 
several feet in diameter. 

At the moment, numerous configurations have been 
produced in a variety of powdered specimens of such 
materials as cobalt, titanium, iron oxide, ceramic 
compositions, graphite, sulphur, diamond dust, and 
other unusual substances. 


Flexible Quartz Micro-Tubing 


Only 0-003 in. in diameter, a new micro-tubing, 
designated ‘‘Santotube Q”, has been developed by the 
Monsanto Chemical Company, of Springfield, Mass., 
and is believed to be the smallest tubing in the world. 
Quite apart from its extreme flexibility, which permits it 
to be tied into a knot without breaking, the new tubing 
has a higher tensile strength than steel, is resistant to high 
temperatures, is highly inert to chemical attack, and is 
electrically non-conductive. 

This combination of properties opens up a wide 
field of possible applications. Thus, the ability of quartz 
to be used in continuous service at temperatures near 
1800° F, coupled with its low dielectric losses at high 
temperatures, makes it highly suitable for use in electrical 
insulation. Similarly, its chemical inertness makes it 
ideal for use as a protection for micro-thermocouples 
used in corrosive systems, while its extremely low 
coefficient of expansion suggests its use in the fabrication 
of fine springs. In addition, the extraordinarily fine bore 
of the tubing results in very large capillary rises for all 
liquids. This fact, coupled with the high-temperature 
characteristics of quartz, suggests the use of small 
bundles of these tubes as permanent wicks. 
AUGUST, 
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One application in which the new tubing is expected 
to play a prominent part is in a new diffusion cell, 
developed by Bell Laboratories, for the recovery of 
helium from natural gas. The experimental laboratory 
model of this cell contains about | mile of tubing, 
doubled into a bundle which is 2 ft in length and between 
j; and 3 in. in diameter. The production model of the 
cell contains about 1,500,000 miles of tubing, doubled 
into a bundle of about 10 ft in length. In operation, the 
micro-tubing traps the helium in natural gas because of 
the intermolecular structure of the pure silica quartz 
from which the tubing is made. The spaces between the 
molecules of quartz are such that the atoms of helium 
can pass through the side walls of the micro-tubing and 
collect inside the tube. These “holes” in the tube are so 
small that the other constituents of natural gas (such as 
hydrocarbons and carbon dioxide) cannot pass through. 
In the diffusion cell the bundle of tubing acts as a sponge, 
with pores or holes so small that they will absorb only 
helium atoms. The tubes are closed off at one end and a 
pumping mechanism is attached at the other. When 
natural gas is passed over and around the bundle of 
tubes, this “sponge” soaks up and thus separates the 
helium. The pump then has the effect of squeezing the 
bundle dry, taking out the helium. 


Remote-Controlled Underwater 
Exploratory or Salvage Vehicle 


Designed to travel slowly under water at a maximum 
depth of 2000 ft, a remote-controlled submarine vehicle 
developed by Vitro Laboratories, of Silver Spring, 
Maryland, is fitted with a television camera which 
relays an image of the scene to a monitor screen on a 
surface ship, from which the vehicle can be guided 
accurately, as required, and can even be made to clamp 
and retrieve a sunken object by means of a claw. 

Essentially, the system, designated *‘Solaris’’, has five 
major parts, i.e., the vehicle, a power and control cable 
connecting the vehicle to the ship, a winch for maintaining 
constant tension on the cable as the vehicle manceuvres 
under water, a control console for directing the vehicle, 
and a 25-kW shipboard diesel-electric power plant. The 
vehicle is a metal sphere, 3 ft in diameter and weighing 
500 Ib, with two propellers on top, a work attachment 
below, and the television camera in a watertight case, 
with four self-contained 500-W floodlights which normally 
permit a visibility of from 15 to 25 ft, though, under 
ideal conditions, the camera and lighting conditions are 
adequate to enable a 1-in. cable to be spotted at a 
distance of 50 ft. In turbid waters, where visibility 
might be reduced to about 3 ft, a high-resolution sonar 
system augments the visual television system, enabling 
operations to continue. 

Inside the sphere is an electric motor which drives the 
constant-speed, variable-pitch propellers through a gear 
train. By remotely varying the pitch of the propellers, 
the vehicle can execute any manceuvre, such as moving 
forwards or backwards, turning right or left, or remaining 
stationary. The sphere also houses depth-measuring 
equipment, operating instruments, and the hydraulic 
mechanism for moving the work attachment beneath the 
sphere. This work attachment can be a general-purpose 
claw for retrieving a variety of objects, a claw for scooping 
a cable or pipe from the ocean floor for inspection, or a 
claw for planting explosives. A stud-gun can be used 
instead of a claw to enable the vehicle to attach itself 


109 








If it’s a case of 


making a hole — 
do it 
AUTOMATICALLY 
with the 
AIRMEC 


AUTOSET 








POSITIONS THE WORK 

Autoset automatic co-ordinate setting equipment 
provides accurate automatic control of the lead screws 
of a co-ordinate table. It enables the table to be 
positioned automatically by means of a punched tape 
{containing co-ordinate information for up to 400 
operations) or manually by means of a series of knobs 
and dials. 


SELECTS THE RIGHT TOOL 

Facilities are provided for selecting one of up to ten 
tools and for controlling a large number of other variables 
such as too] rates, feed depths and spindle speeds. 


CUTS OUT ERRORS 


Autoset is highly accurate—automatic compensation is 
provided for table backlash and cumulative lead screw 
errors. 


CUTS THE COST 


A complete equipment for automatic control in two 
dimensions including tape punch costs only £1,500. 
Manual control considerably less. 


ROBUST AND RELIABLE 


No electronic valves used. 


EASY MAINTENANCE 
Descriptive leaflet No. 186 sent on request | Autoset fitted to Wadkin TCD. Full details available from | 





Wadkin Ltd., Green Lane Works, Leicester. 


Weentte N69 AUTOSET tow cost tape control 


AIRMEC LIMITED - HIGH WYCOMBE + BUCKS -+ TELEPHONE: HIGH WYCOMBE 2501/7 








110 THE ENGINEERS’ DIGEST 





_mm & 2 oh 








al 














firmly to most large objects or items which are awkward 
to handle. Other possible attachments include an 
electromagnet for scrap-iron salvage, an articulated 
grapple for net-tending, and brilliant, special-purpose 
movable lamps for inspection of underwater operations. 
The maximum weight of an object that can be retrieved 
is about 7500 Ib. 


Portable Heavy-Duty Pipe-Bending 
Machine 


A completely new type of pipe-bending machine has 
been added to the extensive range of tube- and pipe-bend- 
ing machines produced by Chamberlain Industries Ltd., 
of Leyton, London, E.10. Designated the ‘‘Field’’, this 
machine, which has been specially designed as a light- 
weight two-stage hydraulic unit, primarily for site work 
in oilfields and construction projects, has the special 
feature of hinged arms, in place of the orthodox heavy 
beam or wing-head, enabling the machine to be folded 
into a neat compact unit which is extremely portable for 
easy transportation. 





The machine **Staffa™’ 


comprises a 
hydraulic ram, to the base of which is attached an oil 


heavy-duty 


reservoir and arm trunnion brackets. The arms, which 
carry the pipe-clamps, are telescopic and are simply 
positioned by means of a pin. A weatherproof pump 
unit, the body of which is constructed of a high-strength 
light alloy and is guaranteed against breakage, is mounted 
on top of the tank. The pump is provided with two 
pistons, giving fast approach for the rapid bending of 
light tubes. For bending to maximum capacity, 
physical effort is reduced by by-passing one of the 
cylinders. A four-way valve permits powered automatic 
withdrawal of the ram for freeing the former from the 
workpiece. The pump is fully protected from overload 
by means of a built-in relief valve, while the inlet is fitted 
with a fine-mesh strainer. The pump body is internally 
drained back to the tank to eliminate external leaks. 
Although normally intended for manual operation, these 
machines can, however, be supplied as power-driven 
units, using air/hydraulic pumps for site work when 
compressed air is available, or electric motors for shop 
use. 

Two sizes of machine are available, one with a range 
of formers for bending pipes of from 2 to 4 in. bore, and 
the other for bending pipes of from 4 to 8 in. bore. 
Larger machines, either mechanically or hydraulically 
operated, can also be supplied for bending pipes up to 
18 in. bore. In the smaller machine, the formers supplied 
enable bends of 2, 24, 3, and 4 in. nominal bore to be 
bent in one operation up to an angle of 90 deg., without 
AUGUST, 
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heating or filling and without removing the pipe from the 
former. In the case of pipes of more than 4 in. bore, 
radii are produced by successive bending. 


Liquid Zinc Anti-Corrosive Compound 


A new liquid zinc anti-corrosive composition for use 
on iron and steel and other metal surfaces has been 
developed by the MacCleaster Chemical Co. Ltd., of 
London, E.C.3. The new preparation has a base of 
chlorinated rubber and zinc dust of extremely small 
particie size, among the important advantages claimed 
being freedom from rapid settling out. In the past, the 
combination of chlorinated rubber and zinc or other 
metals has created certain problems, one of which has 
been the rapid settling out of the composition or paint. 
In the new preparation, which requires no more than 
normal stirring before use, this difficulty has been 
satisfactorily overcome. 

The compound can be applied by brush, by spraying, 
or by dipping, over rusted surfaces or even over surfaces 
which have been previously painted, subject only to 
some scraping or wire brushing. It is also of above 
average flexibility, is abrasion-resistant, and, although 
not specifically heat-resistant, will withstand a dry 
temperature of 200° C and a wet temperature of 120° C. 
In addition, it possesses excellent fire-retardant properties, 
prevents ‘‘rust creep’’, and is impervious to polluted 
atmospheres (industrial fall out) and to sea and fresh 
water. It is also stated that the composition is equally 
efficient as a single-coat system as a primer, giving 
increased adhesive properties to a top decorative finish, 
making it particularly suitable in the protection of 
structural steelwork and for general industrial use. 
Furthermore, its cathodic properties are especially 
important for marine application and, since the dried 
film is non-toxic, it can be used for the protection of 
water tanks and cisterns. 


Multi-Range Clip-on Volt-Ammeter 


Despite its small size and portability (its overall 
dimensions are 8 x 2} x 1% in., and its weight, 
complete with voltage leads, is less than 21 oz), the new 
**Miniclip”’ clip-on type of volt-ammeter, introduced by 
Ferranti Ltd., of Hollinwood, Lancs., provides three 
voltage ranges of zero to 150-300-750 V, and five 
current ranges of zero to 4-12-40-120-400 A, with a 
reading accuracy of +3°% of full scale on all ranges. 

Designed for easy, rapid, and single-handed operation, 
the instrument comprises a current transformer and a 
rectifier housed in a neat bakelite case which fits snugly 
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into the hand. A thumb-operated selector switch, in the 
form of a knurled ring set into the body of the instrument, 
also selects the appropriate scale, thereby eliminating 
the use of multiplication factors. The **Miniclip’’ can be 
used with complete safety on bar conductors up to 600 V 
a.c., as all metal parts, with the exception of the magnetic 
contact surfaces, are fully insulated, and will clip around 
conductors up to | in. in diameter. A special plug with 
two leads and clips, fitting into the base of the instrument, 
provides the necessary connections for voltage measure- 
ments. 


Shatter-Proof Electric Light Bulbs 


A new process for the manufacture of shatter-proof 
electric light bulbs has been developed by the Duro-Test 
Corporation, of North Bergen, New Jersey. In addition, 
these new bulbs, designated *“‘Flamescent”’, produce an 
entirely different lighting effect from that of conventional 
bulbs, with higher lumen outputs of more brilliance. 

The new manufacturing technique involved in the 
production of these bulbs required the co-operation of 
three other companies. Thus, the Owens-Corning 
Fiberglas Corporation contributed a fibre-glass yarn of 
exceptional fineness and unusually high luminous 
transmittance, the application of this fibre-glass yarn to 
the “Flamescent” bulb not only producing a beautiful 
flame effect, but also creating an extremely rugged unit. 
Similarly, the Dow Corning Corporation developed a new 
silicone adhesive, which was not only a prerequisite to the 
fibre-glass yarn, but has also made the lamp virtually 
impervious to thermal shock, so much so that it can be 
immersed, while lighted, into ice-water without any risk. 
Finally, in order to obtain maximum efficiency, completely 
new bulb shapes were designed and produced by the 
Corning Glass Works, incorporating a cooling crown to 
take advantage of the fibre-glass winding. The cooling 
chamber thus created in the lamp lowers the operating 
temperature of the filament, eliminating the brittleness 
and fragility normally associated with filament-type 
lamps, and ensuring a longer filament life. 


Constant-Flow Valves for Liquids 


A new constant-flow valve, manufactured by Black 
Automatic Controls Ltd., of Corsham, Wilts., automatic- 
ally maintains a constant rate of fluid flow, irrespective 
of any variations in supply or delivery pressures. 
Although originally designed to control the flow of fuel 
oil and creosote pitch to open-hearth and other oil-fired 
furnaces, it can be used satisfactorily with all types of 
Oil-burning appliances where a constant flow rate ts 
essential, and also with most other liquids. Furthermore, 
by virtue of the essential simplicity of its design, all parts 
in contact with the liquid can be constructed of stainless 
steel or other corrosion-resistant materials in cases where 
problems of corrosion arise. Two standard sizes are 
available, one having a maximum capacity of 600 gph, 
with intermediate ranges from 100 gph upwards, and the 
other with a maximum capacity of 120 gph and a 
minimum capacity of 50 gph. 

The valve is self-actuated and consists of a cylindrical 
chamber with a freely moving spring-loaded piston, to 
which is fitted a form of sleeve-valve. Oil enters at the 
inlet port and flows inside the sleeve through a series of 
ports, whose area is varied as the piston slides up or 
down. The oil then passes through a by-pass pipe, 
which carries a fixed orifice, and thence to the outlet 
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port. A constant pressure drop is maintained across this 
orifice by the action of the spring-loaded piston, which 
slides up or down in the cylinder as the supply pressure 
decreases or increases and opens or closes the ports of the 
sleeve-valve. Thus, any change in oil pressure causes the 
piston to attain a new equilibrium position and restores 
the differential pressure across the orifice to its original 
value. The rate of flow which the valve is set to control 
is determined by the relative positions of the sleeve and 
piston assembly. The sleeve can be shifted manually by 
means of a handwheel, as shown in the illustration, by a 
piston or diaphragm, or by a small electric motor. 


High-Speed Dereeling Device for Wire 


Of very simple construction, but extremely efficient in 
operation, a new high-speed rereeling device for wire, 
developed by British Insulated Callender’s Cables Limited 
at their Huyton Quarry Winding Wires Division, essenti- 
ally consists of a precision-engineered metal disc holding 
a metal ring designed to fit into the lip of the disc, the 
disc resting on top of the long traverse vertical (LTV) 
reel, with the wire paid off between the lip of the disc and 
the metal ring. The device serves as an effective dereeler 
for long traverse vertical reels carrying up to 60 Ib of wire 
in gauges from 0-0044 to 0-0124 in. and is easily installed. 

By virtue of the weight of the ring, tension is applied 
to the wire during the dereeling operation, this being 
particularly important during the acceleration and 
deceleration periods occurring quite regularly during such 
operations. During acceleration, the ring prevents the 
wire from overrunning, so that it never slackens off and 
falling turns do not occur. During deceleration, there is 
never any initial slack to take up, thereby avoiding the 
possibility of snarls. It is not necessary to restrain the 
wire as it winds from the reel, as there is no tendency for 
the wire to balloon f 
outwards from the | 
reel. Consequently, 
the wire is always on 
view and it is easy 


i ee TENSION 
‘ | RING 
to estimate whether | 


there is enough left a 


dISC 

















LTV. REEL 
on the reel at any 
given time to com- 
plete a winding. C 
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TEST PUMPS? 


Bailey's 


Immediate delivery avail- 
med able from a wide range of 
sizes and types for all 
industrial purposes from 
300 p.s.i. to 45,000 p.s.i. 






Illustrated: Hand-operated 
concentric ram test pump, 
with 2 in. ram for rapid 
filling of vessel to be tested 
and in. ram for obtaining 
the pressure. Suitable for 
pressures up to 1,500 p.s.i. 


SIR W. H. BAILEY & CO. LTD 
PATRICROFT * MANCHESTER 


Phone: ECCLES 3487-8.9 
Grams: BEACON TELEX ECCLES 


LONDON OFFICE: Selinas Lane, Dagenham, Essex. Tel. Dominion 2277 


SLUICE VALVES REDUCING VALVES TEST PUMPS TURNSTILES 


BA2 





VARIABLE 
SPEED 
LINK BELT 





@ Made in 12 popular sizes @ Will fit any 
V to V Variable Speed Pulley®@ Installed in 
a few minutes @ Resists side pressure 


H. BRAMMER & CO. LTD., HUDSON ROAD, LEEDS 9. 











COMPLETE 
RANGE OF 
BENCH, PILLAR, 
AND AUTOMATIC 
DRILLING 
MACHINES 


From 6 to 50 mm 
capacity. 

Multiple drilling heads 
with fixed, variable and 
in-line arrangement. 
SPECIAL MULTIPLE 
DRILLING HEADS 
TO CUSTOMERS’ 
DESIGNS. 


Agents wanted for un- 
represented countries. 





Fabbrica Italiana Trapani 
IDEAL MILAN O-lItaly 


Piazzale PASOLINI, n.2 - Telef. 694.273 





ototherm 


MERCURY-IN-STEEL 


TEMPERATURE INSTRUMENTS 


DIAL 
THERMOMETERS 
for industrial purposes. 
DIAL 
THERMOMETERS 
for Diesel engine use. 
INDICATOR 
CONTROL 
THERMOMETERS 


with Electric Contact Heac 


MAX. or MIN. 
INDICATORS. 





TEMPERATURE 
RECORDERS 


Single or Dual Pen. 
Fixed or Portable Models. 


fe 


—. — —--—— 


TEMPERATURE 
CONTROLLERS 


Indicating and Non-Indicating 





Also a full range of BI-METAL and VAPOUR-PRESS URE 
Temperature instruments. Write for details. 


THE BRITISH ROTOTHERM CO., 
Merton Abbey, London, S.W.19. 


LTD. 
Tel.: LiBerty 7661 

















CASTINGS LIMITED 


Makers of Malleable Castings 


MCCORMICK 


TERRA? gues 


FARMALL 


aly 








94.273 
MALLEABLE CASTINGS FOR THE NEW INTERNATIONAL HARVESTER TRACTORS 
NTS 
FERS The International Harvester Company of Great Britain 
wpente. Ltd. use our Blackheart and Pearlitic M.C.I. castings for 
their renowned tractors and agricultural implements, and 
TERS we are proud to list them among our satisfied customers. 
e use. 
Our Blackheart castings remain tough and ductile at sub- 
zero temperatures, while our high grade Pearlitic castings 
TERS are of exceptional strength and toughness. 
ntact Heac 
We also produce Weldable Malleable iron castings, which 
q are of special interest to designers as they can be combined 
into composite fabrications with other materials. Jobbing 





and repetition Malleable castings up to 70 Ib. in weight are 
supplied to firms of renown in many industries. 


WHY NOT JOIN THESE FAMOUS FIRMS AND USE 
OUR CASTINGS? 





SELBORNE ST., WALSALL, STAFFS. Tel: Walsall 3118-9 


CASTINGS LIMITED FOUNDED 1835. 
and at Lichfield Road, Brownhills, Staffs. 


Tel: Brownhills 2318. 
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ACGTOMATIC ASSEMELY 


OF BOLTS AND WASHERS 





Unique in its action and operation, this auto- 
matic feeder is yet another time and labour- 
saving device from Podmores. 

The bolts are automatically fed into the exit 
channel the right way up for receipt of indivi- 
dual washers, and continue along the channel 
ready for use in further assembly operations. 





Write for full details 






(ool mio) A E. HANLEY, STOKE-ON-TRENT 


(ENGINEERS) LTO TEL: STOKE-ON-TRENT 23257-8 

















PRESSINGS 


If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 


be fabricated by welding, soldering or 
brazing. WA R D 
Illustrated here are some examples of 
our products, and similar components Chaar) LTD. 


can be produced to your own specifica- 
tion and design, and supplied in painted, 


plated or enamelled finishes. DARLASTON -: STAFF \) 
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“ ARO-BROOMWADE” Par-a-Matics 


do it all at the touch of a button! 


The adaptability of ‘‘ARO-BROOMWADE"’ Par-a-Matic self-feed pneumatic tools is particularly well 
demonstrated by the set-up designed and built by Mr. D. Hepple of the Middlesex Tool and Gauge Co. Ltd., 
to drill Washing Machine heads. 


The set-up simultaneously drills three i& in. diameter holes; counter drills 0.375 in. diameter and counter- 
sinks 0.354 in. diameter through a } in. thick brass flange at a rate of 4 to 5 per minute. The workpiece is air 
clamped, the drills fed in and retracted and the workpiece is then unclamped automatically. A dual push- 
button control is provided. 


‘*ARO-BROOMWADE" Par-a-Matics can be mounted at any angle for automatic or semi-automatic operation. 
One man can operate a whole battery of Par-a-Matics and any number can be linked for simultaneous 
Operation. Increase production on long or short runs with these adaptable high speed tools. 


Write now for Publication No. 443 T.E. 


“BROOMWADE 


AIR COMPRESSORS & PNEUMATIC TOOLS—YOUR BEST INVESTMENT 
BROOM & WADE LTD., P.O. Box No. 7, HIGH WYCOMBE, ENGLAND 


Telephone : High Wycombe 1630 (10 lines) Telegrams: ‘‘ Broom,"’ High Wycombe Telex: 83-127 
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Foremost in advanced Welding techniques 


Specialists in complete design and 
manufacture of all types of stand- 
ard and special purpose resistance 
welding equipment from 1 kVA to 
1500 kVA or greater, and including 
fully automatic conveyor and hop- 
per fed lines for high speed pro- 
duction requirements in the auto- 
mobile, aircraft, steel drum, and 
wire industries, and all branches of 
engineering. 























Also 
Designers and Manufacturers of: 
Special Purpose Jigs and Fixtures: 
Press Tools and Dies: 
Electronic Controls: 
Tube Mills and Cycle Rim: 
Forming and Welding Equipment. 

















Apply for full Specifications and Literature 
to: Dept. E.D. 






Illustration of fully automat c conveyorised door line supplied to leading British 
Automobile manufacturer. Production rate— two completed doors per minute 
including all welding and clinching operations 





WELDER & MACHINE rr 





CASTLE MILL WORKS - DUDLEY - WORCESTERSHIRE - ENGLAND 











ENGINEERING 
ACHIEVEMENT 
ON MERSEYSIDE 


The Birkenhead entrance to the 
famous Mersey Tunnel is only 
a few yards from AABACAS... 
makers of world renowned 
All-British Cranes and Hoists 


\ eat ell 


() 





Send now for 


new Aabacas Catalogue to: 
TECHNICAL MANAGER; ? 


AABACAS 


ENGINEERING CO., LTD. 

Head Office & Works: GRANGE ROAD, BIRKENHEAD 

Telephone: BIRKENHEAD 4747/8/9 

London Office: St. Martin’s House, 29 Ludgate Hill, E.C.4 
Tel. City 7831/2 


Technical Representatives throughcut Great Britain 
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TAKE 
A 
GOOD 


VIEW ! 


Ii8 mouldings-just one fixing screw 


The wedge (a) holds the lens 
(b) in position securely, 
yet allows for minor 


alignment adjustments. 


Electrical contact slips (c) 
are attached by metal 
fasteners (d) which clip 


over plastic pins. 


The overlapping ledge (e) 
holds the slide (f) in 
position and simultaneously 


completes the electric circuit. 
























BATTERY 











Keen on photography? Next time you pass a photographic shop look at this 
brilliant, new, colour-viewer by Johnsons of Hendon Ltd. Asa photographer 
you will appreciate its undoubted efficiency and the advantages of its variable 
magnification. The ingenious arrangement for holding the slide in position 
also closes the electrical circuit to provide illumination without resort to 
finger-pressure or a switch. 


Asa plastics engineer or user, you will be impressed by the superlative 
finish of the two-colour injection mouldings, the single fixing screw and the unique 
way the lenses have been secured. We co-operated in the design, made the tools, 
produced the mouldings and handled assembly and packaging. Our associate com- 
pany the British Optical Lens Co. designed and produced the glass lens system 


E.EIliott Limited 





The plastic moulders with the engineering background 
315 SUMMER LANE, BIRMINGHAM 19 
Telephone: ASTon CROSS 1156'7'8'9 
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KS, CHEMICAL PLANT 


FOR STORAGE TANKS, MOBILE TAN 
A well established process resistant to 
abrasion and corrosion and to the action 
of chemicals, water and propellent fuels 

Possessing maximum hardness without 
brittleness 


. HOLDENS | 
IE PTN AM EL 


Full Details From 
ARTHUR HOLDEN & SONS LTD., BORDESLEY GREEN RD., BIRMINGHAM, 9 
Telephone: Victoria 2761 (5 lines) 
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| eG RUBBER 
RODUCTIONS 
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Est. 1895 


ERMETIC pypBeER CO.LTD 


6 Telephone: East 3638/9 
Grams: Hermetic, Birmingham 
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“Hermetic” Works, Priory Rd., Birmingham 
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REPRODUCING LATHES 


RAMO lathes are primarily production machines, 
designed to overcome most turning difficulties. 

bo Two models are offered—T 37 (144 in. swing) and 

» J T 45 (17}% in. swing). Use of the “Polybut” 

‘ | attachment simplifies increased production. Individual 























& measuring is unnecessary and possibility of rejects 
§ eliminated. Idle machine time is reduced as tools are 
changed in less than 10 seconds using pre-set 
| ‘“*Precibloc”’ toolholders. Production is increased 
“4995 A JONES-SHIPMAN whether turning a single component or numerous 


AGENCY MACHINE TOOL : ‘ 
identical parts. 


We ave the sole selling agents in Great Britain for RAMO lathes. 


{| eee ce ee ee 6 © oA. A. JONES & SHIPMANLTD: +> +++ sce ees 
NARBOROUGH ROAD SOUTH, LEICESTER 

Telephone : 823222 (8 lines) Grams: ‘Chuck’ Leicester 

London Office: 50/52, Great Peter Street, London, S.W.1. 


J 
ingham 
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IN THE 


WIN 


TRADITION 














a new range of 


A new range of solid wedge gate valves com- 
bining the quality tradition of the more expensive 
types with the benefits of automatic production 
techniques. 


Suitable for Steam up to 125 p.s.i. Water up to 200 p.s.i. 
Made from hard cast bronze of the WINN special 
formula. Sizes 4” to 2”. Delivery from stock. 


Full details on request. 


GRANVILLE STREET, 
CHARLES WINN & CO., LTD. BIRMINGHAM 1. 


Telephone: MiDiand 7151 (10 lines) 
va I ve ma k ers f or 1 0 0 y ears nate Wien, nt tia 

















g _— 
_gtease I is NO lean] 
te GUNK/ || 


When machinery is idle it is costing you money—therefore it 
is essential that the important job of cleaning and maintenance 
should take the least possible time. That’s where GUNK comes to 
your assistance, for it provides the complete answer to the problem 
of oil and grease. All you do is brush it on and then rinse it off 
with cold water, and all traces of oil and grease have instantly 
disappeared. It is clean to use and requires no preparation. 
And you can use it anywhere—all types of machinery, floors, 
walls, etc. | 




















Supplied in 5, 10 and 40/45 
gallon drums. Send for free 
sample and prove for yourself 
how effective Gunk is! 








Manufactured by 
BENNETT (HYDE) LTD., BOSTON MILLS, HYDE, CHES. |, TEL. “a 
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MORE AND MORE 
DAY BY DAY 


CLAYFLEX 
HARRISFLEX 


FLEXIBLE BEARINGS 
SERVE INDUSTRY 


The ever increasing popularity 
of Clayflex and Harrisflex bear- 
ings can only be traced to the 
confidence engineers, the world 
over, place in these well proved 
products. 


The pressure and chemically 
bonded Clayflex bearings are 
supplied in forms to suit stand- 
ard and specialized applications. 
Outstanding in this range is the 
8.P. type bearing which has been 
specifically designed to give 
positive axial control under high 
radial loadings, and to cater for 
high conical deflections. 

Harrisflex controlled flexible 
bearings are being used for an 
ever increasing range of applica- 
tions, where space and weight 
restrictions are involved. In 
addition these units offer advan- 
tages in their ease of assembly on 
production lines. 

For further information con- 
cerning these products, please 
ask for the appropriate technical 
literature. The long experience 
of our Technical Staff is at your 
disposal to give advice and submit 
drawings for your particular 
application. 


WELLESBOURNE WARWICK 
‘Telephone: WELLESBOURNE 3163 
Telegrams: ‘CLATONRITE’ WELLESBOURNE 
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How do you detect critical 
changes in the density of 
the liquids passing through 
your pipelines? 

The simple answer is—by 
“RM” Liquid Density 
Meter. This gives continu- 
ous instantaneous read- 
ings of the liquid in the 
pipeline. It will handle 
corrosive liquids without 
complaint and takes muds 
and slurries in its stride. 
It is a perfect team mem- 
ber in any automatic 
density control system. 


that 
Liquid 
Density 


problem 








AOTAMETER 


FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 


ROTAMETER MANUFACTURING CO. LIMITED 


330, PURLEY WAY, CROYDON. Tel. CROydon 3816 
D.17 302 
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The MIL FLOAT TRAP is a 
worthy companion to the MIL 
range of Thermostatic Steam 
Traps. It has been designed 
especially for use on those 
applications where a_ rapid 
heat transfer rate is essential, 





ee a alae ee - 3 & 


For draining compressed air 
lines a specially adapted ver- 
sion of the MIL Float Trap is . 
available. 


MIDLAND INDUSTRIES LTD. 


HEATH TOWN WORKS, WOLVERHAMPTON 
Telephone: 23901 f 
London Office: 28 Victoria Street, S.W.1 
Glasgow Office: 69 St. Vincent Street, C.2 


— > a a 











The Nitriding Process Makers of Fine 


—<$§$ << 


for Case-hardening Springs forover = 
iN Special Steels by a Cenlury- 
Nitrogen offers . 


Surface hardness up to 1100 D.P.H. 


@ Retention of full hardness after 
heating to 500° C. 








@ Maximum resistance to frictional " 
wear and fatigue. gonna, * 
NG 
@ Improved resistance to corrosion 2 fuse” 
by water and steam. een 7" a F 
a a 
Particulars from:— LTD 
Rng BROADBENT&CO.(rocupate) LID 


ATLAS WORKS : pte Ghove Spring Wovkd WINCOLN STREET. 
ROCHDALE Lancs. Phone “Rochdale 4628-9 


Telephone: 2€645 Sheffield. Telegrams: ‘‘Nitralloy, Sheffield.”’ 
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call these lubricants?... 


You do, if you’re using ‘ORKOT’ bushes. Made in 
resin-bonded fabric they function equally well with 
conventional and unconventional lubricants. 

Greases, oils, soluble oils, water, acids and many loath- 
some chemical process liquors—even 
all lubricants to ‘ORKOT?’. 

If you have a lubrication problem, you should know more 
about ‘ORKOT’. 


sludges—they are 


and don’t forget when you use‘ ORKOT?” you also get 
Lower coefficient of friction 
Reduced wear on bearing and shaft 
Lower Power Loss and Freedom from Corrosto 


.. they’re all lubricants to... 


“Orkot BUSHES 


Enquiries to: 


UNITED COKE AND CHEMICALS COMPANY LIMITED 
SALES DEPARTMENT 485 


Telephone: Woodhouse (Sheffield) 3211 


P.O. Box 136, Handsworth, Sheffield 13 


Telegrams: ‘Unichem’ Sheffield 


“BIBBY 


Kesilient 
COUPLING 


World famous for outstanding performance and 





reliability. Made in a wide range of types, all em- 


ploying the same basic principle of Bibby design. 


Special types include: Brakewheel, Cardan Shaft, 
Turbine, Shear pin, Controlled Torque, 
Spacer and others. 


A Bibby 
Brakewheel Coupling 


THE WELLMAN BIBBY COMPANY LIMITED, 





PARNELL HOUSE, WILTON ROAD, LONDON, S.W.! 
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CLASS P CAT. 440 ACS ENERGY LIMITING 





Offer 
Advanced 


AN 


REWIREABLE FUSE LINKS 





This range of Aeroflex Fuses has a proved breaking 
capacity of 46 KA and a standardised fusing factor of 
1.25. Known as the AD and FC types, they are fully 
interchangeable with their predecessors, the AF and CM 
patterns, and, of course, they are rewireable—fuse links 


are not discarded when blown, they can be returned for 


Characteristics 


Parmiter 


London: 34, Victoria St., S.W.1. 





Glasgow: §, Somerset Place, C.3. 


prompt replacement in our rewiring service scheme. 
Send for Publication CF.2. 


Hope & Sugden Ltd 


MANCHESTER 12. 


Birmingham: 39/41, Carrs Lane, 4. 





dm PH132 




















OIL SIGHTS 
FOR 
MACHINE 
TOOLS 














Accuracy to finest limits is automatically 
expected of every Rotherham product. The 
type of Oil Sight for Machine Tools illustrated 
serves to strengthen this confidence in 
Rotherham quality. This pattern is threaded 
2” B.S.P. Other sizes may be quoted for in 
production quantities. Remember us also for 
Brass T, Y, 4-Way and Elbow Pieces, Brass 
Taps of all kinds, Brass Grease Cups, Winkley 
Oilers, etc. 


hams 
OF COVENTRY 


ROTHERHAM & SONS LIMITED COVENTRY 
Telephone : 28292 


PRECISION MANUFACTURERS SINCE 1750 








RENOLD Sprag Glutches 





transmit more torque for size and 
weight than any other clutch 


for “INDEXING 


as illustrated on this toffee wrapping machine. The 
sprag clutch is used for indexing the paper feed 
drives which also employ Renold -375” pitch simple 
roller chain. 


*Renold sprag clutches index with speed and 
accuracy—and to infinite graduations—limited 
only by the precision of the other components 
of the machine. 


RENOLD CHAINS LIMITED 
SPRAG CLUTCH UNIT 
50, CATHEDRAL ROAD 

CARDIFF 


Write for catalogue giving details 
of our comprehensive range of over 
70 standard sizes for indexing, back- 
stopping and silent over-running 
with low drag. 


ore 
RENOLD 
Qe 
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Taking the measure of HARDNESS — 
The Vickers Portable 


Gear Hardness Tester 


The Vickers Portable Gear Hardness Tester has 
been specially developed to test large gears in 
places where they cannot be easily moved—in 
ships, power stations, etc. Incorporating all the 
features of the Pyramid Hardness Testing machine, 
its extreme portability makes it particularly useful 
for measuring gear hardness in the shops where 
the hardening processes are carried out. As with 
all the Vickers Hardness Testers, it is equipped 
with the Micrometer Ocular, used in conjunction 
with the Vickers Pyramid Diamond Indenter to 
give readings in the internationally recognised VPN. 





The Vickers Portable Hardness Tester ] Please send for a catalogue giving full details. 
specially developed for dealing with large com- 


ponents which cannot be tested by the standard VrekE RS 
machines. 


The Vickers Pyramid Hardness Testing Machine VICKERS-ARMSTRONGS (ENGINEERS) LIMITED 

compact in size and comprehensive in service, it m au a2 i ms = - m 
por immediate and precise hardness testing to 13 City Road, London, E.C I. Telephone: METropolitan 8877. 
be carried out at the place of production. Telegrams: Vicksbox, Ave., London. 


TGA CH62 


DORRECT HARDENING PROCESSES 









As quenching oil is used over a period of 
time, scale and fine metal oxide accumulates 
in the oil and carbon contamination arises 
from the contact with hot metal. The 
deteriorisation products give rise to gummy 
substances which ultimately affect the 
viscosity of the oil thus interfering with the 
rate of cooling and affecting the efficiency 

of the hardening process. Menrow Limited 
have developed equipment dealing with the 
deterioration of quenching oil, each plant 
being produced to suit the conditions 
prevailing. In addition, Menrow Limited 
manufacture a range of equipment for filtering 
cleaning fluids or cutting oils used in the 
processing and machining of metal products. 


MENROW 


MENROW LIMITED, 

FILTRATION DIVISION, 

1, SEKFORDE STREET, LONDON, E.C.1. 
Phone* Clerkenwell 8911 en 


FILTRATION 
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At the 
push 


of a 


fingerD DDD) 


At the push of a 

finger this massive 
strongroom door swings 
safely into position 


a pressure of 6/bs. moves 





33 tons, the weight of the door 





A View of strongroom with extended architrave as it will appear when installed | 


CHUBBi. . - =. 
ACHIEVEMENT 
HINGED 
UPON 








Cae 
Pe ams wn ws we ecto . 








The door, foremost in design and craftsmanship, incorporates the 
most up-to-date locking devices and affords a very great measure of 
protection. But once the multiple locks have been disengaged a child 
of six can swing the massive doors. Hinged on Hoffmann Bearings, 
a mere 6lbs. pressure moves them. 


Chubbs sought utmost reliability, utmost freedom of movement. 





utmost strength: they put their trust in Hoffmann Bearings 











THE HOFFMANN MANUFACTURING CO. LTD., CHELMSFORD, ESSEX 
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BSA. Tools Ltd — 

bailey, Sir W. H., & Co. Ltd. 114 
Agency—T.G.A. Ltd. 

falfour, Arthur, & Co. Ltd. 4&5 


Agency—Charles Stanley & Partners Ltd. 
farwell, James, Ltd.. —_ 
Agency—Beardmore Adv. Ltd. 


Seakbane, Henry (Fortox) Ltd. 18 
Bennett (Hyde) Ltd. 122 
| _ Agency—John Willis Adv. Ltd 
| Berardi, Rino. — 
| Birfield Group 57 & 108 
Agency—Centra! News Ltd. 
Birwelco Ltd. _ 
Agency—Grosvenor Advertising Ltd. 
Bound Brook Bearings Ltd. 108 
Agency—Central News Ltd. 
Brammer, H. & Co., Ltd. 114 


*s the 





ure of 
child 


rings, 


ment. 





Agency—Harrisons Adv. Ltd. 

Brayshaw Tools Ltd. _ 
Agency—Ingham Butterworth Ltd. 

Bristol Siddeley Engines Ltd. 23 
Agency—Young & Rubicam Ltd. 

British Bellows— _ 
Agency—Elliott Advertising Ltd. 

British Electric Resistance Co. Ltd. _— 
Agency—John Collings & Partners Ltd 

British Federal Welder & Machine Co. Ltd. 
Agency—Press & General Publicity Service Ltd. 

British Manzel Oil Pump Co = 

British Paints Led. 27 
Agency—Redheads Adv. Ltd. 

Pritish Power Transformer Co. Ltd — 
Agency—John Collings & Partners Ltd. 

British Rolling Mills Ltd. 25 
Agency—Maurice G. Parker Ltd. 

British Rototherm Co. Ltd., The 
Agency—Pitchford's Advertising Ltd. 

Sritish Timken: Division of The Timken Roller 
Bearing Co. —_— 
Agency—H. Raymond Morgan 


118 


114 


*roadbent & Co. (Rochdale) Ltd. 124 
, 'gency—Arthur Burns Publicity 

*rockhouse, J., & Co. Ltd. i 
, Meency—A, N. Holden & Co. Ltd. 

Sroom & Wade Ltd. 117 


, gency—Stephens Adv. Service Ltd. 

Srotherhood, Peter, Ltd. 43 
, Mency—J. Peers & Assocs. Ltd. 

“own, Boveri & Co. Ltd. _ 
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Brown, David, Corporation (Sales) Ltd. 92 
Agency—Oelrichs Advertising Ltd. 

Brown Fintube (Great Britain) Ltd. — 
Agency—Grosvenor Advertising Ltd. 

Brown. N. C., Ltd. _— 
Agency—Farmer Advertising Ltd. 


Caldwell, T., & Son _ 
115 


Castings Ltd 
Agency—Rowlinson Broughton Ltd. 

Centec Machine Tools Ltd. _ 
Agency—Applied Designs Adv. Ltd. 

Chapman & Hall Ltd. 22 

Chatwin, Thomas, & Co. 48 
Agency—A. N. Holden & Co. Ltd. 

Churchill, Charles, & Co. Ltd. _ 
Agency—Technical Advertising Service Ltd. 

Churchill Machine Tool Co. Ltd., The a 
Agency—Associated British Machine Tool 
Makers Ltd. 

Clayton-Wright, Howard Ltd. 123 


Agency—Don Earl Publicity Ltd. 

Colt Ventilation Ltd. — 
Agency—Greenlys Ltd. 

Consolidated Pneumatic Tool Co. Ltd. _— 
Agency—Hyde & Partners Ltd. 

Coppier Fratelli 36 

Cory Bros. & Co. Ltd. a 
Agency—Hyde & Partners Ltd. 

Coulthard, Wm., & Company Ltd. _ 

Counting Instruments Ltd. _ 
Agency—Walkley Hodgson Ltd. 

Cradley Boiler Co. Ltd. — 
Agency—Riley Advertising Ltd. 


Crofts (Engineers) Ltd. 68 

Cronite Foundry Co. Ltd., The _ 

Crowthorn Engineering Co. Ltd. 32 
Agency—J. K. Clayton Advertising Ltd. 

C. Z. Scientific Instruments Ltd. 48 


Agency—Oatley Webster Ltd. 


Dart Spring Co. Ltd. _— 
Agency—Beardmore Adv. Ltd. 

Darwins Ltd. _ 
Agency—Apex Advertising Ltd. 

Dawson Bros. Ltd. _ 
Agency—Collinson's Adv. Agency Ltd. 

Dick, R. & J., Led. 
Agency—Rex Publicity Ltd. 

Doncaster, Daniel & Sons Ltd _ 
Agency—Rowlinson Broughton Ltd. 

Donovan Electrical Co. Ltd. a 
Agency—Maurice G. Parker Ltd. 


Eagle Pencil Co. _ 
Agency—Saward Baker & Co. Ltd. 
Elcontrol Ltd. 
Agency—Fdk. E. Potter Ltd. 
Electrical Development Association — 
Agency—Mather & Crowther Ltd. 
Electric Resistance Furnace Co. Ltd. 
Agency—Nigel Rainbow & Partners Ltd. 
Electrical Power Engineering Co. (B'ham) Ltd. — 
Agency—Nicholls, Dorrity Advertising Ltd. 
Electro-Dynamic Construction Co. Ltd. — 
Agency—J. Peers & Associates Ltd. 
Elgar Machine Tools Ltd 
Agency—Nigel Rainbow & Partners Ltd. 
Elliott, B. (Machinery) Ltd. 
Agency—Nige! Rainbow & Partners Ltd. 
Elliott, E., Ltd. 
Agency—Sterling Advertising Ltd. 
Empire Rubber Company 
Agency—Robt. Sharp & Partners Ltd. 
Empyrium Welding & Mfg. Co. Ltd. _ 
Agency—Jack White & Assocs. Ltd. 
English Electric Co. Ltd., The —- 
Agency—Technical Advertising Service Ltd. 
English Steel Tool Corporation 17 
Agency—T.G.A. Ltd. 
E.N.V. Engineering Co. Ltd. a 
Agency—Allardyce Palmer Ltd. 
Evans, Joseph & Sons (Wolverhampton) Ltd. — 
Agency—Sterling Advertising Ltd. 
Evertaut Ltd. _ 
Agency—Elliott Adv. Ltd. 
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Fafnir Bearing Co. as 
Agency—H. Raymond Morgan 

Fel-Electric Ltd _ 
Agency—Oelrichs Advertising Ltd. 

Felco Hoists Ltd. — 
Agency—Clinton-Wall Ltd. 

Fenner, J. H., & Co. Ltd. — 
Agency—Hyde & Partners Ltd. 
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Fenton, Byrn & Co. Ltd. we wa 
Agency—J. Peers Associates Ltd. 

Firth-Derihon Stampings Ltd., The 46 
Agency—Stanley D. Dickson 

Firth, Thos., & John Brown Ltd. _ 
Agency—Stanley D. Dickson 

Flame Hardeners Ltd. _ 

Ford Motor Co. Ltd. 35 
Agency—Rumble Crowther & Nicholas Ltd. 

Fraser, Andrew, & Co. Ltd. Cover 2 
Agency—J. Peers and Associates Ltd. 


Gear Grinding Co. Ltd. _ 
Agency—Sandbrook Metcalfe & Co. Ltd. 

General Electric Co. Ltd. — 
Agency—Kingscott Ltd. 

Glacier Metal Co. Ltd. _ 
Agency—Notley Advertising Ltd. 

Gloucester Foundry Ltd. _ 
Agency—Print for Industry Ltd. 

Griffiths, Gilbert, Lloyd & Co. Ltd. 16 
Agency—Nicholls, Dorrity Advertising Ltd. 

Guest, Keen & Nettlefolds (Midlands) Ltd. — 
Agency—Notley Advertising Ltd. 


Hackbridge & Hewittic Electric Co. Ltd. 26 
Agency—Industrial Publicity Service Ltd. 

Haddon, Thomas, & Stokes Ltd. _ 

Hadfields Ltd. _ 

Hallmac Tools Ltd. 6&7 
Agency—Jack White & Associates 

Hancock & Co. (Engineers) Ltd. 29 
Agency—Tibbenham Publicity Ltd. 

Harcourt, David, Ltd. _ 
Agency—Allardyce Palmer Ltd. 

Hardy Spicer Ltd. 57 
Agency—Central News Ltd. 

Harper, John, & Co. Ltd. _ 
Agency—Rowlinson-Broughton Ltd. 

Harris Tools, John, Ltd. 
Agency—Sandbrook, Metcalf & Co. Ltd. 

Harvey, G. A., & Co. (London) Ltd. — 
Agency—G. P. Hughes Ltd. 

Hawker Siddeley Brush Turbines Ltd. _ 
Agency—G. Street & Co. Ltd. 

Heap, Joshua, & Co. Ltd. _ 

Heathrod Ardwyn & Co. Ltd. _ 
Agency—Severn Publicity Ltd. 


Heenan & Froude Ltd. 11 
Agency—Kenley Advertising Ltd. 

Herbert, Alfred, Ltd. 40 

Hermetic Rubber Co. Ltd. 120 

Hilger & Watts Ltd. 59 


Agency—Crane Publicity Ltd 
Hoffmann, Mfg. Co. Ltd., The 
Holden, Arthur, & Sons Ltd. 

Agency—S. D. Toon & Heath Ltd. 
Holmes, Godfrey (Plastics) Ltd. _ 

Agency—Willsmore & Tibbenham Ltd. 

Holroyd, John, & Co. Ltd. 51 

Agency—C. R. Casson Ltd. 

Horstmann Gear Co. Ltd., The —_ 

Agency—Trowbridge Pritchard & Co. Ltd. 
Howard, Stanley Ltd. —_ 

Agency—Sterling Adv. Ltd. 
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1.C.1. (Plastics) Ltd. 39 
Agency—S. H. Benson 

Ideal Fabbrica Italiana Trapani 114 

Imperial Chemical Industries Ltd. _ 
Agency—Clifford Martin Ltd. 

Industrial Fan & Heater Co. Ltd. _ 
Agency—Sinclair Advertising Ltd. 

Ingersol-Rand Co. Ltd. _— 
Agency—J. Peers & Associates Ltd. 

Instrument Screw Co. Ltd. _ 
Agency—Technical Advertising Service 

Intermit Limited _— 
Agency—Central News Ltd. 

Isopad Ltd. — 
Agency —E. W. Barney Ltd. 


Jacobs Mfg. Co. Ltd. — 
Agency—Crane Publicity Ltd. 

Jenkins, Robert, & Co. Ltd. 54 
Agency—W. Hopwood & Co. Ltd. 

Jerguson Tress Gauge & Valve Co. Ltd. — 
Agency —]. Peers & Associates Ltd. 

Jet-Lube Ltd. 14 

Johnson Foster, H., Ltd. — 
Arercy — Pickersgill Publicity Service Ltd. 
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Johnson Precision Instruments (Newman 
Granger) Ltd. ess 
Agency—Rex Publicity Service Ltd. 

Jones, A. A., & Shipman Ltd. 124 
Agency—Sterling Advertising Ltd. 


Kayser, Ellison, & Cc. Ltd — 
Agency—Stowe & Bowden Ltd. 
Keelavite Hydraulics Ltd. 
Agency—Cogent Advertising Service Ltd. 
Kendall & Gent Ltd. 33 
Agency—Associated British Machine Too! 
Makers Ltd. 
Kenilworth Manufacturing Co. Ltd. — 
Agency—Crossley & Co. Ltd. 
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} Lancashire Dynamo & Crypto Ltd. si 


gy 








Agency—John Mitchell & Partners Ltd. 

Lang Pneumatic Ltd. — 
Agency—J. Peers and Associates Ltd. 

Laycock Engineering Ltd. poe 
Agency—Central News Ltd. 

Lewis Spring Co. Ltd., The — 
Agency—Longleys & Hoffmann Ltd. 

Lewis & Tylor Ltd. aia 
Agency—Glovers Advertising Ltd. 

Ley'’s Malleable Castings Co. Ltd. _ 
Agency—H. Raymond Morgan 

Lincoln Electric Co. Ltd. 13 
Agency—London Press Exchange Ltd. 


Livet 
lodge Plugs Ltd. sie 
Agency—Elliott Advertising Ltd 


Magnetic Valve Co. Ltd., The 31 
Agency—John Westwood Ltd. 

Meddings, W. J., Ltd. —_ 
Agency—Ripley, Preston & Co. Ltd. 

Menrow Limited 
Agency—Ripley, Preston & Co. Ltd. 

Mercedes-Benz —_ 

Mercer, Thos. (Air Gauges), Ltd. _ 
Agency—Nige! Rainbow & Partners Ltd. 

Midland Industries Ltd. 
Agency—A. A. Black Ltd. 

Midland Silicones Ltd. _ 
Agency—Roles & Parker Ltd. 

Minganti & Co. — 

Mirrlees, Bickerton & Day Ltd. = 
Agency—Rowlinson-Broughton Ltd. 

Mobil Oil Co. Led. 90 
Agency—Masius & Ferguson Ltd. 

Mond Nickel Co. Ltd. 9 
Agency—T.G.A. Ltd. 

Monks & Crane Ltd. 33 
Agency—Sandbrook, Metcalfe & Co. Ltd. 

Morgan Crucible Co. Ltd., The 

Morris, B. O., Ltd. _ 
Agency—Cogent Advertising Service Ltd. 


Nah & Thompson Ltd. a 
Agency—Jas. Sutherland Publicity Ltd. 

Neill, James, & Co. (Sheffield) Ltd. 2 
Agency—J. K. Clayton Adv. Agency Ltd. 

Newall, A. P., & Co. Ltd. = 
Agency—Osborne-Peacock Co. Ltd. 

Newall Group Sales Ltd. 53 
Agency—J. Peers and Associates Ltd 

Newbold & Bullford Ltd. _ 
Agency—Hatton Press Ltd. 

Newton Chambers & Co. Ltd. —_ 
Agency—F. C. Pritchard Wood & Partners. Ltd. 

Nitralloy Led. 
Agency—Stanley D. Dickson 

Nu-Way, Heating Plants Ltd. _ 
Agency—Sinclair Advertising Ltd. 


Opperman Gears Ltd. — 
Agency—Ripley, Preston & Co. Ltd. 
Opperman, S. E., Ltd 

Agency—Erwoods Ltd. 

Otborn, Samuel, & Co. Ltd. = 
Oulid Co. Ltd. _ 
Agency—Oatley Webster Ltd. 
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P.R. Motors Ltd. _ 
Agency—A. A. Black Ltd. 

Parker Engineering Co. Ltd. 

Parmiter, Hope & Sugden Ltd. 
Agency—Donald Macdonald (Advertising) 

Pioneer Oilsealing & Moulding Co. Ltd. — 
Agency—Hyde & Partners Ltd. 

Pitman, Sir Isaac, & Sons Ltd. 3 

Pizzochero _ 

Podmores (Engineers) Ltd. 
Agency—Maurice & Parker Ltd. 

Pollard Bearings Ltd. — 
Agency—Hedley, Byrne & Co. Ltd. 

Powder Couplings Ltd. a 
Agency—Dryden-Allen Ltd. 

Power-Gas Corporation Ltd. —_ 

Price, J. T., & Co. Ltd. 37 
Agency—A. A. Black, Ltd. 

Pye Electric Co. Ltd. _ 
Agency—Arkes Publicity Ltd. 

Pyrene Co. Ltd., The — 
Agency—Nelson Adv. Service Ltd. 


Quasi-Arc Ltd. 28 
Agency—F. C. Pritchard Wcod & Partners Ltd. 


Ransome & Marles Bearing Co. Ltd. _— 
Agency—Ruddocks Advertising Agency 

Refined Iron Co. (Darwen) Ltd. =_ 
Agency—Stowe & Bowden Ltd. 

Renold Chains Ltd. 126 

Reynolds Tube Co. Ltd. _ 
Agency—Ripley Preston & Co. Ltd. 

Richards, Charles, & Sons Ltd. 34 
Agency—Longleys & Hoffmann Ltd. 

Richardsons Westgarth (Hartlepool) Ltd. 106 
Agency—Notley Advertising Ltd. 

Roberts, J. W., Ltd. 96 
Agency—Armstrong-Warden Ltd. 

Robinson, L., & Co. (Gillingham) Ltd. _ 
Agency—Ripley, Preston & Co. Ltd. 

Rockweld Ltd. _ 
Agency—John Mitchel! & Partners Ltd. 


Rockwell Machine Tool Co. Ltd. 30 
Agency—John Mitchel! & Partners Ltd. 

Rocol Ltd. 
Agency—Nevin D. Hirst (Advertising) Ltd. 

Rotameter Mfg. Co. Ltd. 123 


Agency—Geoffrey Dadd Ltd. 
Rotherham & Sons Ltd. 
Agency—George Murray Advertising Ltd. 
Royce Electric Furnaces Ltd. 64 
Agency—Nige! Rainbow & Partners 
Rubert & Co. Ltd. —_ 
Ryder, Thos., & Son Ltd. 98 
Agency—W. S. Crawford Ltd. 


S.A.1.M.P. — 

Salter, Geo., & Co. Ltd. = 
Agency—Severn Publicity Ltd. 

Sanderson, Bros., & Newbould Ltd. 58 

Saturn Industrial Gases Ltd. —_ 
Agency—Crossley & Co. Ltd. 

Savery, Thomas, Pumps Ltd. —_ 
Agency—Boswell, Barrett & Phillips Ltd. 

Self-Changing Gears Ltd. a 

Serck Radiators Ltd. — 
Agency—Longleys & Hoffmann Ltd. 

Sheffield Twist Drill & Steel Co. Ltd., The 94 


Slack & Parr Ltd. Cover 3 
Agency—Rex Publicity Service Ltd. 
Smith, J. W. (Coventry) Ltd. 132 


Agency—Don Earl Publicity Ltd. 

Smith, S., & Sons (England) Ltd. 41 
Agency—Allardyce Palmer Ltd. 

Solex (Gauges) Ltd. — 
Agency—David Macauley Adv. Ltd. 

Southern Instruments Ltd. . — 
Agency—Brandis Davis Agency Ltd. 

Sperry Gyroscope Co. Ltd. —_ 
Agency—Samson Clark & Co. Ltd. 

Standard Piston Ring Co. Ltd. 34 
Agency—H. C. Boulter Publicity Ltd. 

Steel, J. M., & Co. Ltd. — 
Agency—Reynell & Son Ltd. 

Stephens Belting Co. Ltd. = 
Agency—Nicholls Dorrity Adv. Ltd. 

Sterling Metals Ltd. és 
Agency—T. G. Scott & Son Ltd. 

Stone-Wallwork Ltd. 
Agency—Holman Advertising Ltd. 
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Super Oil Seals & Gaskets Ltd. a 
Agency—A. A. Black Ltd. 

Sykes, W. E., Led. — 
Agency—W. S. Crawford Ltd. 


Tangyes Limited — 

Taylor Bros., & Co. Ltd — 

Technical Applications Ltd — 
Agency—Alfred Bates & Son Ltd. 


Teleflex Products Ltd. 66 
Agency—J. Peers and Associates Ltd. 

Telehoist Limited 15 
Agency—W.S. Crewford. 

Tensator Ltd. 1 


Agency—G. P. Hughes Ltd. 
Terry, Herbert & Sons Ltd. 
Agency—John Haddon & Co. Ltd. 
Thompson, John (Wilson Boilers) Ltd. — 
Agency—Rowlinson-Broughton 
Thorp, Thomas, & Co. Ltd. 
Agency—J. Peers & Assocs. Ltd. 
Thorpe, F. W., Limited _ 
Agency—S. D. Toon & Heath Ltd. 
Titanium Metal & Alloys Ltd. 
Agency—Alfred Bates & Son Ltd. 
Torrington Co. Ltd., The _ 
Agency—Osborne Peacock Co. Ltd. 
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Unbrako Socket Screw Co. Ltd. 21 
Agency—Nicholls Dorrity Adv. Ltd. 

United Coke & Chemicals Co. Ltd. 125 
Agency—Rowlinson-Broughton Ltd. 

United Dominions Trust (Commercial) Ltd. 100 
Agency—St. James Adv. & Publicity Co. Ltd. 

United States Metallic Packing Co. Ltd. a 
Agency—Wm. Furness Ltd. 


Varatio-Strateline Gears Ltd. 64 
Agency—Thomas G. Birtles Ltd. 

Varley, F.M.C., Led. 55 
Agency—J. Peers & Associates Ltd. 

Verein deutscherWerkzeugmaschinenfabriken ..— 


Vickers Armstrong (Engineers) Ltd. 19 & 127 
Agency—T.G.A. Ltd. 

Victor Products (Wallsend) Ltd. _ 
Agency—Doig Advertising Ltd. 

Vokes Ltd. 130 


Agency—Trowbridge, Pritchard & Co. Ltd. 


Waircom _ 

Wakefield-Dick Industrial Oils Ltd = 
Agency—Dorland Adv. Ltd. 

Walker, Crosweller & Co. Ltd. 
Agency—Beardmore Advertising Ltd. 

Walpamur Co. Ltd., The 42 
Agency—Osborne-Peacock Co. Ltd. 

Ward, H. W., & Co. Ltd. 
Agency—Associated British Machine Tool 

Makers Ltd. 

Ward (Metal Details) Ltd. 116 
Agency—Beardmore Advertising Ltd. 

Weathershields Ltd. _ 
Agency—Oldfield & Sharp 

Welconstruct Co. Ltd. _— 
Agency—Mundy, Gilbert & Troman Ltd. 

Wellman Bibby Co. Ltd., The 

Wellworthy Ltd. 89 

Welsh Metal Industries Ltd. _ 
Agency—Notley Advertising Ltd. 
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Wharton Crane & Hoist Co. Ltd. 52 
Agency—Henry Pybus Ltd. 
Whitecross Co. Ltd 8 


Agency—Ripley, Preston & Co. Ltd. 

Whitehouse Industries Ltd. _ 
Agency—Hedley Byrne & Co. Ltd. 

Wicksteed & Co. (1920) Ltd. aa 
Agency—Nicholls, Dorrity Adv. Ltd. 

Wiggin, Henry, & Co. Ltd. a 
Agency—T.G.A. Ltd. 

Wild-Barfield Electric Furnaces Ltd. — 
Agency—Crane Publicity Ltd. 

Williams, John, of Cardiff Ltd. = 
Agency—Glovers Adv. Ltd. 

Winn, Chas., & Co. Ltd. 
Agency—Sandbrook Metcalf & Co. Ltd. 

Wolverhampton Diecasting Co. Ltd., The — 
Agency—Sterling Advertising Ltd. 

Woodside Die Sinking Co. Ltd. a 
Agency—F. C. Pritchard Wood & Partners Ltd. 
Workington Iron & Steel Company _ 

Agency—Everett's Advertising Ltd. 
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THORP EQUIPMENT 


FOR THE 









GAS FLOW 
INDICATORS 


Direct Reading, variable aperture 

type, from 0 to 150 Ib./sq. inch. 

For all types of gases; can be calibrated 
to customers’ requirements. Brass 
body, stoved black crinkle finish. 

Cast Iron Body for Corrosive Gases. 


Scale Plate in black crinkle, chrome 
or polished brass. 
All Unions, etc., chrome plated. 
Stainless Steel Float, in clear glass tube. 
Customers when ordering should state— 
(a) Specific Gravity and 
Working Pressure. 
(6) Maximum and Minimum 
Rates of Flow. 
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CAPSTAN 
AUTOMATIC 
AND SPECIAL 
TURNED WORK 
ALSO 


FORGINGS 


AND 


PRESSINGS 


= 
aS 
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ARMSTRONG STEVENS 


& SON - LTD- 
WHITTALL STREET 
BIRMINGHAM -4 















DRAFTING MACHINES 
& DRAWING TABLES 


Isis Drafting Machines are 
now fitted with improved 
Protractor Heads. The 
special features are fully 
explained in our ISIS folder 
which will be gladly sent on 
request. The ISIS Drawing 
Tables are in complete 
balance at any height or 
inclination of the board. 


We are distibutors of ARISTO 


slide rules of precision 


Drawing instruments of quality 










Illustration shows ISIS drawing table fitted 


DRAWING OFFICE SUPPLIES AND EQUIPMENT 


36 & 41 QUEENS ROAD, COVENTRY 








with ISIS drafting machine 


Telegrams: 
“ISIS’ COVENTRY 
Telephone: 
Coventry 26941/2 



















ng table fitted 
achine 


elegrams: 
COVENTRY 
slephone: 


ntry 26941/2 








CONSULT Fo B2=anze 


the experienced 


multi-drilling specialists 


Slack & Parr manufacture the largest range of multi-heads for standard 
drilling machines and unit heads. Whether your problem is drilling two 
holes or fifty holes, there is an S.P.K. head available for either small 
batch production or long runs. S.P.K. equipment can be supplied 
complete with jigs ready to start immediate production. 


The capital outlay is quickly recovered due to increased production. 
All S.P.K. multi-drilling equipment is built from standard off-the-shelf 
components developed from practical experience. For low cost and 
proved performance, you cannot better S.P.K. equipment for all your 
multi-drilling. 


Tell us your production problems—they may not be problems to us. 


SLACK & PARR LIMITED 


KEGWORTH . Nr. DERBY 
Telephone: Kegworth 306 
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TITANIUM 


Most people concerned with metals know what it is 
but not everyone is aware of what it can do. 

If you feel that you should know more about this 
light, strong and corrosion-resistant metal, 

then write for brochure on properties and forms to: 


TITANIUM METAL AND ALLOYS LTD 


2 METAL EXCHANGE BUILDINGS, LONDON, E.C.3. Tel. Mansion House 4521 
WORKS: SHEFFIELD **ROLLERS OF MODERN METALS"’ 
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ACTUATORS 


STRAIGHT LINE MOTION— 
DOUBLE TRAVEL 











DUMPING OR TUMBLING 





' 
' 
/ 
‘ / 
‘ s 


TURN OR OSCILLATE INDEXING 





Opening and closing valves. Crane boom operation. 
Opening and — doors. Pipe and tube bending. 
Automation and machine  Fatiguetest applications. 
tool uses including: Foundry equipment. 
indexing, feeding, Materials handling and 
transferring, clamping, control of movement on 
locating, turning over. conveyors, 
Freight car tippling. 





1. Choice of mountings 
for fixing at any angle 
in any position. 


. Effective sealing 
WHY THEY ARE BETTER 


means no oil leak 
therefore positive 
control of shaft 
rotation. 


Working mechanism 
fully sealed from dirt. 


Keelavite/Rotac rotary actuators are 
manufactured in the United Kingdom 


under licence from the Corporation 


1G 5 5 Oe 
For full details write to KEELAVITE HYDRAULICS LTD 


ALLESLEY, COVENTRY: TEL: MERIDEN 441 








